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CHAPTER I. INTRODUCTION AND PROJECT ASSIGNMENT 
Concern for the development of rural areas of the United States has 
had a strong influence on the political and econonic history of the 
country. Numerous speeches have been delivered, motions have been 
Introduced to organizations, and bills have been approved by Congress 
to enhance the quality of living in rural areas. 
On July 1, 1971 the North Central Regional Center for Rural Develop­
ment was established at Iowa State University to coordinate and conduct 
research on rural development problems. In conjunction with this regional 
center, supported by the Experiment Stations of 13 states, the Center 
for Agricultural and Rural Development was also established as a 
sister organization with responsibilities to and support from the State 
of Iowa. 
In view of these efforts, the study reported here was initiated in 
a five-county area of northeast Iowa as a pilot investigation to 
develop and test the application of a mathematical model to the problems 
of rural community development. The model developed can have applica­
bility to other geographic areas similarly dominated by agriculture and 
a rural environment. A significant portion of this report explains 
methods of developing resource data, defining productive and consumption 
activities, and analysis of information provided by solutions of the 
model. It is hoped these discussions will provide sufficient background 
for the model to be useful and applicable in other similar developmental 
project areas. 
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Rural Development in Brief 
Early attempts to derive a living from the land and establish small 
rural communities to serve the needs of the settlers were the country's 
first attempts at rural development. Later movements toward the west were 
aided by the first governmental assistance programs aimed at rural develop­
ment. Later movements toward the west were aided by the first govern­
mental assistance programs aimed at rural development, i.e., the Homestead 
Act. 
In the latter half of the ISOO's, a series of federal and state 
government actions were accomplished to hasten development of rural areas 
through improved educational opportunities and agricultural research. 
Into the.early 1900's emphasis continued to be placed on increasing pro­
duction and improving efficiency in agriculture. 
Starting in the late 193n's and extending through the 1950's, 
with the exception of the years of World War II, federal programs directed 
at the rural sector had a two-fold purpose. The first purpose was the 
control of agricultural production which tended to overrun demand. The 
second purpose was to improve the welfare of the nation's farmers. 
The vast technological transformation for agriculture beginning in the 
1920's was a major force giving rise to community development problems. 
Mayer indicates the extent and effects of this transformation: 
Over the period 1800-1920 the nation had developed its land resources 
from coast to coast, adding labor and capital to the natural resource 
base. After 1920, more and more capital inputs were added to the 
fixed land base, thereby raising the yield of foodstuffs per acre 
and, through mechanization, raising production per man far in excess 
of the rate of growth in total food demand. This process lead to a 
sharp downturn after 1940 in the amount of labor required in agri­
culture. As less labor was required for agriculture, the farm 
population declined, leading to a smaller need for rural businesses 
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and supporting consumer services. In turn, the manpower required 
for consumer goods and services, generally located in small towns 
and villages, was also slowly reduced. Added to this was an ongoing 
reorganization of transportation and merchandizing methods, brought 
about by the economic transformation of the total economy, and this 
further reduced the need for businesses in rural areas. Filling 
stations, drugstores, machinery dealers, dry goods stores and produce 
houses slowly closed down as owners retired or became insolvent. 
On farms, acres were idled as over capacity to produce appeared. In 
towns, store buildings were emptied as their economic purpose 
for existence slowly evaporated (33). 
Starting with the Rural Areas Development Act in 1954, the focus 
began a slow change from emphasis on agricultural production to the 
problems of rural communities as reviewed by Mayer above. A significant 
portion of federal monies to agriculture continued to be used to provide 
technical and financial assistance to drain land, build erosion control 
structures, apply lime, and other production increasing activities. 
However, a portion did become available to assist rural towns in building 
sewers, renovating water systems, creating recreational facilities, and 
other projects designed to make rural life more "urbanized". 
In recent years emphasis has been placed on the environmental 
problems of agricultural production. Concern for the problems of air, 
water, and sight pollution have become Important factors In all human 
endeavor. This concern has been demonstrated recently by the allocation 
of significant energies to the study of land use policies. 
Heady reviews the various groups of people concerned with rural 
area development In recent years. 
The three publics most active and best organized in the affairs of 
rural area development are still those of (a) farmers concerned with 
farm prices and income, (b) chambers of commerce In rural towns where 
"some developmental momentum already Is underway" (or a fair foun­
dation for it already prevails in population base, recreational or 
other resources) and (c) national leaders who are concerned with the 
Intense social and environmental problems of cities. To farm groups 
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and leaders, rural area development typically means farm programs 
which have a direct impact in higher farm income, and subsequently 
a secondary or multiplier effect in generating employment and 
economic activity throughout the community. To the commercial leaders 
in individual, rural towns, rural community development typically 
is sought to have a direct impact in the addition of industry, public 
facilities and recreational or other services directly linked with 
greater employment or expenditures by "foreign" consumers who 
import manufactured goods from it or make seasonal migrations into 
the community. The greater employment and consumer demand is expected 
to increase the local population and also to have secondary or 
multiplier effects throughout the traditional business establishments 
and institutions of the particular town. Urban leaders and legis­
lators who have joined the rural development movement are directly 
concerned with stemming the growing population concentration. 
Rural community development is emphasized mainly to the extent that 
it has the potential first impact of dispersing the population 
through such means as new cities (24). 
It can be seen that the concerns of these three groups are quite 
different and perhaps somewhat competitive with each other. It is into 
this environment that "project coordinators", "regional planners", and 
others are placed to plan and conduct programs to reduce the disparities 
between the rural and urban areas of the United States, 
The need is great for a systematic method to study rural development 
problems and possibilities with consideration given to (1) all economic 
sectors, (2) all available resources, (3) needs and desires of residents, 
and (4) environmental restraints. Several mathematical modeling techniques 
are available which indicate some promise for the study of rural community 
development. 
For this study a linear programming model has been employed to provide 
a method of analyzing resources and their alternative uses in a particular 
five-county area of Iowa. Linear programming was selected as the analyti­
cal method due to (1) the types of resource information available and (2) 
the variety of analytical information. 
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Project Genesis 
In July 1971 an article was printed in a major Iowa daily newspaper 
announcing the formation of a new organization to be located at Iowa 
State University. This organization, the Center for Agricultural and 
Rural Development (CARD), was given the charge of coordinating and con­
ducting research related to the problems of rural community development 
in Iowa. 
In northeast Iowa, in the counties of Allamakee, Clayton, Fayette, 
Howard, and Winneshiek, a group of citizens had been meeting monthly for 
a period of over a year with the purpose of aggregating data and resources 
to effect an area development effort. Under the leadership of a dynamic 
local businessman, they had established an organization with a central 
executive committee consisting of several persons from each county. Their 
long-term goal was to bring about an area development nrogram which would 
eliminate the disparities in employment, income, housing, and other 
concerns which characterized the five-county area. A shorter-term goal 
was to make application to and obtain approval of one of the several 
federal assistance programs which were available to such rural areas. 
Having read the newspaper account of the establishment of the rural 
development centers, a preliminary inquiry was made by the chairman of 
the executive committee to the associate director of CARD to determine if 
the two organizations possessed mutual goals and interest. It was deter­
mined after several subsequent meetings and a visit by the associate 
director and the writer to the northeast Iowa area that there was a 
considerable degree of mutual interest and an informal relationship between 
the two organizations would be of benefit to both. 
6 
In late fall of 1971 this relationship was approved by both parties 
and by the Experiment Station of Iowa State University. The five-county 
area was to receive (aj assistance in locating and summarizing data 
relevant to their developmental efforts, and (b) several solutions to a 
rural community development model to be built and applied to their area. 
CARD was to benefit by (a) the use of the five counties as a pilot study 
area on which to test the rural community development model, and (b) the 
assistance of local persons and organizations in developing the necessary 
informational base on which to build the model. 
In September 1971 the five-county area was approved by the United 
States Department of Agriculture as a Resource Conservation and Develop­
ment Project^ administered by the Soil Conservation Service. Under the 
title of "Upper Explorerland RC&D Project" the area was provided a project 
coordinator v/ho was to coordinate all aspects of the developmental effort.^ 
The location of the five-county area is indicated on Map 1. The 
rural nature of the Upper Explorerland area is evident in the Information 
presented in Aopendix A and briefly summarized in this section. 
The area contains a total population of 95,672^ people. Total 
employment is 34,576 workers of which 9651 (over 27%) are employed 
directly in production agriculture. 
^Hereafter denoted by RC&D. 
^A more complete history of the Upper Explorerland RC&D Project is 
found in Upper Explorerland Resource Conservation and Development Project 
Plan (5977 
3 All data is based on the 1970 Census of Population (50). 
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Total population has been decreasing at a rate of about .5% per year. 
Persons of the productive ages (20-46 years of age) have been declining 
both in absolute number and in percentage of total population. The age 
range of 20-44 years of age contains only 65% as many persons. In 1970, 
as in 1940. Persons of 65 years of age and over amount to, in 1970, 
133% of the number in 1940. A significant decrease has also been 
identified in the number of persons under 5 years of age in the last 
ten years. 
Only 40.5% of the residents live in towns of over 1,000 population. 
Another 12.3% of the residents live in towns of less than 1,000 population 
and 47.2% live on farms. The largest town in the five-county area had a 
population of 7,735 people in 1970. Annual family incomes of the five-
county area range, by county averages, from $6,267 to $7,585 compared to 
the state average of $8,931 in 1970. 
Project Definition 
Two major factors have for some time stood as impediments to the 
accomplishment of research dealing with rural development. The first is 
associated with the definition of relevant areas in which to conduct 
developmental research activities. The second factor is the disagreement 
on a succinct definition of rural community development. 
Numerous writers have attacked each of these problems. Hamilton 
(23) indicates that three major approaches have been used in defining 
relevant regions. These are: 
1. Regions based upon common or homogeneous sets, of physical, 
economic, or social characteristics 
2. Regions based upon polarization around some central place 
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Map 1: Location of Upper Explorerland RC&D Project area 
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3. Regions based upon some administrative or political area 
Studies using each of these concepts of the rural community are 
prevalent. Examples are: 
For the first; 
- Hamilton's study of the Susquehanna River Basin (23) and, 
- Recent studies of the Appalachia region by several agencies and 
researchers. 
For the second; 
- Fox and Kumar's (19) work with "Functional Economic Area" and, 
- The U.S. Census Bureau designation of Standard Metropolitan 
Statistical Areas (SMSA's). 
And for the third; 
- An input-output study of the Kansas economy (14) and, 
- The University of California's work in Sonoma and 
Napa Counties (20,21). 
In this study the relevant area was defined by the local organization 
thus eliminating this seemingly difficult problem of area definition. 
The boundaries were the same as county boundaries and with some minor 
variations the region did represent an area of homogeneous physical, 
economic and social characteristics. It did not, however, include a 
central place or clearly defined growth center. 
The second impeding factor was more difficult to overcome. 
Again numerous writers have offered definitions of rural development 
and/or have suggested lists of aspects to be accomplished by developmental 
efforts. Some tend to view development as a state of being while others 
believe it to be a process. 
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For this research project the following definition of rural community 
development, a synthesis of definitions from several writers, was used: 
An Inclusive, multi-disciplinary reform system sanctioned by the 
public and undertaken by private and public Institutions to improve 
the level of and reduce the disparity In the psychological, social, 
and economic aspects of rural life. 
This definition was further formulated Into a set of specific 
factors or developmental goals to conform with a linear programming 
frameworkJ Following Bird (6), all persons In a developed region thus 
should enjoy: 
1. A socially acceptable minimum annual per capita Income 
2. The opportunity to earn an acceptable high school diploma and 
minimally to participate in vocational training 
3. Access to adequate medical, dental, and other health services 
4. Adequate housing including safe water supply, waste disposal, 
heating, cooling, and lighting 
5. Adequate access to community facilities and services including 
commercial, cultural, and entertainment 
6. Access to outdoor recreational facilities and services 
7. Adequate public safety services and facilities to ensure 
security of person and property 
8. Access to public Information 
9. Freedom and opportunity to worship and participate in normal 
democratic processes of government 
10. Opportunity to live in a community and work environment that 
Is increasingly satisfying from an aesthetic viewpoint 
Several researchers have used mathematical models for problems 
associated with rural community development. Most models provide either 
Vhls point will be developed In more detail in later sections. 
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single sector analyses, i.e., consider only agricultural or industrial 
activities as variables in the solution; or have single goal orientation, 
i.e., consider an increase in per-capita Income as the only dependent 
variable. The mathematical programming model used in this study considers 
(1) the physical and human resources as the only restraining factors, 
(2) allows for changes in all economic sectors, (3) and provides the 
attainment of the multiple goals related to rural community development. 
Soecifically the purpose of the research was to build a linear programming 
model which will: 
1. Use information from published sources to enumerate and quantify 
resources and to define productive and consumptive activities 
2. Have the capability of analyzing the entire economy of a multi-
county area 
3. Provide for achievement of certain and multiple goals necessary 
for rural community development 
4. Provide planners and others information important to their 
decision making process to enable them to better cafry out their 
responsibilities in regard to rural community development. 
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CHAPTER II. MATHEMATICAL PROGRAMMING 
MODELS IN COMMUNITY DEVELOPMENT PLANNING 
Mathematical models have been used by economists to analyze and/or 
predict the behavior of economic systems for many decades. Hamilton' 
provides an excellent concise review of the use of such models. He states 
that Tinbergen's work in the 1930's, involving construction of multi-
equation dynamic models of the Dutch, United States, and British 
economies, was one of the major breakthroughs in the modern implementation 
of mathematical models for the analysis of national economies. The second 
major breakthrough in the science was the advent and development of 
computers allowing much more complex and larger models to be solved in a 
reasonable time. 
Mathematical Models 
In recent years three mathematical techniques have been utilized in 
a majority of the developmental models. These are (1) input-output 
analysis, (2) simulation, and (3) linear programming models. 
Input-output analysis 
Miernyk (36) provides an elementary discussion of the input-output 
technique and its history in his book The Elements of Input-Output 
Analysis. 
^See Chapter II of Systems Simulation for Regional Analysis (23). 
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Input-output analysis is based on a general theory of production 
within a system of complete economic interdependence and general 
equilibrium. The activity of a given production unit is dependent upon 
and conversely has effects upon other production units. These inter­
relationships are expressed in the table of linear coefficients developed 
in an input-output investigation. 
A study of the economy of the state of Kansas by Emerson (14) 
provides a recent example of the usefulness of the input-output technique. 
The Kansas economy is disaggregated for this study into eleven economic 
sectors which are further divided into 69 productive or service 
activities and six final demands. Solutions are developed which indicate 
the empirical effect on all other sectors resulting from discrete 
changes in one or several sectors in the model. 
A major problem in applying input-output to small regions is reviewed 
by Miernyk (36) and Emerson (14). This namely, the paucity of accurate 
data for such small regions. Much of the data necessary for input-
output models is available only as national or multi-state totals. 
Simulation models 
Simulation modeling of economies has been popular in recent years. 
A recent model, is that by Hamilton (23) as published in the book titled 
Systems Simulation for Regional Analysis. A study by Rây (40), summa­
rized in a recent journal article,^ involves a simulation of American 
agriculture under various levels of commodity exports and government 
I See Ray and Heady, "Government Farm Programs and Commodity 
Interaction: A Simulation Analysis," (41). 
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farm programs. 
Simulation models express an economy, or a partial economy, as a 
system of interrelated mathematical equations designed to Indicate all 
relevant interdependencies. A simulataneous solution is obtained from 
this equation system indicating a static or recursive general 
equilibrium. Various parametric changes can be made to enable a 
comparison of alternative solutions to the model. 
Linear programming models 
Loomba (30) defines linear programming as "a method of determining 
an optimum program of interdependent activities in view of available 
resources" and further states "a linear programming problem arises 
whenever two or more candidates or activities are competing for limited 
resources and when it can be assumed that all relationships within the 
oroblem are linear." Due to the usage of linear-programming as the 
modeling technique for this thesis a more complete discussion of this 
method follows. 
A linear programming problem consists of a set of "n" equations 
expressed in "m" variables such as in Equation 1. 
> a^.^x^+a^2*2"*"- ' "+*im*m ^ 
Or in shorter form in Equation 2. 
m 
Ml ®irt (2) 
Where 
= amount of resource or extent of constraint 1, 
1=1,2...,n. 
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j = amount of resource i used (or produced) by 
activity j, j=l,2...,m, and 
Xj = number of units of activity j. 
The equations state that the total usage of any resource is less than 
or equal to the amount of the resource available. A further necessary 
but obvious condition is that no activity can enter the solution at a 
Xj > 0 (3) J — 
negative level as_4ndicated in Equation 3. 
To allow for practical usage of the linear-programming technique, 
and to allow solution of the mathematical model, disposal activities are 
added as in Equation 4. The activity, x^-j permits any amount of 
"l = 1?1 * Vl 
resource i to go unused and allows the mathematical equality to replace 
the inequality of Equation 2. 
A positive a^j indicates a requirement of an activity for the 
particular resource, and a negative a^j denotes an addition to the 
resource by an activity.^ 
Economic Concepts of Linear Programming 
Linear programming is a budgeting procedure designed to allow 
solution by electronic computers. The economic concepts of marginal 
productivity analysis and opportunity cost are inherent in obtaining 
solutions to linear programming problems. 
Vor example, an activity which trains workers may have a "+1" in 
the untrained labor resource equation and a "-1" in the trained labor 
resource equation. This indicates that the activity "requires" one. 
untrained laborer and "produces" one trained worker. 
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The theory of marginal productivity indicates that with unlimited 
resources the most efficient resource use is accomplished when the value 
of the marginal product is equal to the price of the input. This 
requirement is expressed in Equation 5J 
HPP,P,=P, (5) 
However, in real world situations the supply of one or more inputs is 
limited preventing Equation 5 from achieving equality. In the case of 
limiting resources Equation 6 must be satisfied to achieve maximum 
profit.2 This equation states that the marginal productivity of a given 
input be equated among the various outputs for which it 1s used. This 
MPPaxPx»MPPayV-'-'"^''azPz (6) 
equation is also an indication of the opportunity cost principle which 
states if the value of output produced by a unit of input in a particular 
new activity is greater than the value of output in the present activity, 
the unit of input should be shifted to the new activity due to its 
greater value. Equation 7 Indicates this situation. This shifting 
MPP P > MPP P (7) 
ax X ay y 
takes place until the equality of Equation 6 is met.^ 
Where 
MPPg = Marginal physical product of input a 
P = Price of output x 
Pg = Price of input a. 
^Or social benefit. 
O 
An elementary treatment of linear programming with several examples 
(all related to farm planning) is available in a book by Beneke and 
Winterboer (5). Numerous other publications are available providing 
more theoretical and detailed examinations. 
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Objective Function 
The objective function is an important part of linear programming. 
Decisions are made regarding resource allocations within the model on the 
basis of maximizing or minimizing the objective function. Numerous 
objective function choices are possible for rural community development 
including maximizing gross or net income, maximizing value of exports 
from an area, minimizing costs of welfare, minimizing outside in­
vestments, and others. 
The objective function of our model maximizes additions to in­
vestment capital. Such variable activities as land drainage or permanent 
conservation practices, increasing industrial capacity, improving labor 
productivity through education, and public investments in roads and other 
facilities provide additions to investment capital. They thus have 
weights in the objective function. Only pne restriction is placed on 
these additions to investment capital. This restriction requires that 
the investment provide profitable utilization of resources. Activities 
which provide additions to the objective function are indicated in 
Appendix B. 
This objective function was suggested by Barry and Martin in (7). 
1 
Keynes, Domar, Duesenberry, and Harrod, have supported this choice of 
objective function. Although disagreeing on the end result and the path 
of the growth process, all agree on the Importance of capital accumulation 
to the accomplishment of continued growth of an econoiry, paraphrased here 
1 ' 
A summary of the writings of these four authors is found In 
Chapter 18 of Macreoconomic Theory by Ackley (1). 
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as rural community development. 
Model Time Periods 
As defined in Chapter I rural community development is a process. 
This development process implies and requires a dynamic model capable 
of analyzing resource use and activity levels at several points in the 
relevant time span. Thus changes in the resource base effected by 
activities in one time period can be considered in all subsequent time 
periods. 
In this study a three period model is used with each period three 
years in length. Appropriate transfers are provided between time 
periods to allow for simultaneous solution of the dynamic model. 
Information Provided by Solutions 
The modern linear programming technique provides six types of 
information of interest to community and regional planners. This 
information is (1) solution values, (2) resource use analysis, (3) 
shadow price analysis, (4) reduced cost analysis, (5) range analysis, and 
(6) trancol analysis. 
Solutions 
The solution indicates the specific activities and the absolute 
level of each activity to be carried out to satisfy the restraints and 
maximize (or minimize) the objective function. For this study a solution 
is provided for each of the three time periods. 
A second aspect of the solution is the specification of the amount 
of each resource used and the amounts in disuse. Again in this study this 
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information is provided for each time period. 
Shadow prices of limiting resources 
Resources used at a non-restricting level have a value of marginal 
product equal to zero, hence are of no particular interest. However, 
resources used at a restrictive level (at the upper limit of availability) 
have a value of marginal product at some value greater than zero and are 
of possible interest to planners. The linear programming procedure 
specifies which resources are being consumed at the upper limit and 
further calculates the value of marginal product associated with each. 
This analysis indicates the specific value to the objective 
function of one additional unit of restrictive resource. This type 
of information can be valuable in making decisions regarding the use 
of these particular resources.^ 
Reduced costs of increased activity levels 
Closely associated with the shadow prices of limiting resources 
discussed above is Information provided regarding Increased levels of 
activities in excess of the amounts denoted in the model solution. As 
discussed above these solution levels are selected to most efficiently 
maximize the objective function. Any deviation from these solution 
levels must result in a decrease in the value of the objective function. 
The information denoted as "reduced costs" indicate the amount of this 
Vor example, if the solution Indicates that 100 units of labor is 
being used, and the total amount available was also 100 units, the 
"shadow price" analysis indicates the amount of the increase In objective 
function if one additional unit was made available raising the total 
available to 101 units. 
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decrease in objective function value associated with "forcing into the 
solution" one additional unit of a specific activity holding resource 
levels constant/* 
Range analysis 
The range analysis provides an extension of the "shadow price" or 
"reduced cost" information. In general it denotes the range of resource 
availability over which the "shadow price" value is relevant. Likewise, 
range analysis indicates the range of activity levels over which the 
"reduced cost" value is relevant. 
Trancol analysis 
The trancol analysis is recent addition to linear programming 
which indicates the disposition of an additional unit of resource among 
the various activities. This analysis accompanied by the "shadow 
price" value and the range analysis has promise of providing much 
information related to efficient resource use. 
All of the above six types of information will be tested and 
discussed in this study. Particular attention will be given to the 
relevance and usage of the information to rural community development. 
For example if the solution indicates the level of industry A 
to be 100 units, the "reduced cost" analysis indicates the extent of 
the decrease in objective function value associated with one additional 
unit or 101 units of industry A. 
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CHAPTER III. DEFINITION AND ENUMERATION OF RESOURCES 
Defining the resource base of the area is a necessary phase in 
developmental planning. This phase is accomplished in two steps. First, 
basic resource categories must be identified in which data is available 
or can be gathered. A further consideration is to select resource 
categories which will allow a meaningful analysis. The second step 
involves an enumeration of the resources in each of the selected 
categories. 
Starting in the Nineteenth Century economists have classified 
economic resources into three groups; land, labor, and capital. These 
groups are recognized as the primary categories of scarce resources. As 
stated by Mansfield: 
"Land is a shorthand expression for natural resources. Capital 
includes equipment, buildings, inventories, raw material, and other 
nonhuman producible resources that contribute to the production, 
marketing, and distribution of goods and services" (32). 
In this study the same basic classification has been used. Data is 
available, although not always in the forms desirable, to analyze a 
regional economy using this basic resource classification. 
Land 
The land resource was classified with a two way system. The 
basic inventory utilized was the "Land Use Capability Classification" 
as delineated in the Iowa Conservation Needs. Inventory (56). This 
classification system is the most consistent system of those in popular 
usage particularly for the purpose of this study due to the emphasis on 
use capability. The following excerpts from the Iowa Conservation Needs 
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Inventory (56) describe the classification system and the types of soils 
included in each class. 
Class 2 
Soils in Class I have few limitations that restrict their use. 
Soils in this class are suited to a wide range of plants and may be used 
safely for cultivated crops, pasture, woodland and wildlife. The soils 
are nearly level and erosion hazard Is low. They are deep, generally well 
drained and easily worked. They hold water well and are either fairly 
well supplied with plant nutrients Or highly responsive to inputs of 
fertilizer. They are productive and suited for intensive cropping. 
Class n_ 
Soil in Class II have some limitations that reduce the choice of 
plants or require moderate conservation practices. 
Soils in this class require careful soil management, including 
conservation practices, to prevent deterioration or to Improve air and 
water relations when the soils are cultivated. The limitations are few 
and the practices are easy to apply. The soils may be used for cultivated 
crops, pasture, woodland, or wildlife food and cover. 
Limitations of soils in Class II may include singly or in combination 
the effect of (1) gentle slopes, (2) moderate susceptibility to erosion 
or moderate adverse effects of past erosion, (3) less than ideal soil 
depth, (4) somewhat unfavorable soil structure and workability, (5) 
occasional damaging overflow and (6) wetness correctible by drainage but 
existing permanently as a moderate limitation. 
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Class III 
Soils in Class III have severe limitations that reduce the choice of 
plants or require special conservation practices or both. 
Soils in Class III have more restrictions than those in Class II, 
and when used for cultivated crops, the conservation practices are 
usually more difficult to apply and to maintain. They may be used for 
cultivated crops, pasture, woodland, or for wildlife food and cover. 
Limitations of soil in Class III restrict the amount of clean 
cultivation; timing of planting, tillage, and harvesting; choice of crops, 
or a combination of these items. The limitations may result from the 
effect of one or more of the following: (1) moderately steep slopes; 
(2) high susceptibility to erosion or severe adverse effects of past 
erosion; (3) frequent overflow accompanied by some continuing water­
logging after drainage; (4) shallow depths to bedrock hardpan, fragipan 
or claypan that limits thé rooting zone and the water storage; (5) low 
moisture-holding capacity and (6) low fertility not easily corrected. 
Class IV 
Soils in Class IV have very severe limitations that restrict the 
choice of plants, require very careful management, or both. 
The restrictions in use for these soils are greater than those in 
Class III, and the choice of plants is more limited. When these soils 
are cultivated, more careful management is required and conservation 
practices are more difficult to apply and maintain. Soils in Class IV 
may be used for crops, pasture, woodland, or for wildlife food and cover. 
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Soils in Class IV may be well suited to only two or three of the 
common crops, or the amount of harvest produced may be low in relation 
to inputs over a long period. Use for cultivated crops is limited as 
a result of the effects of one or more permanent features such as 
(1) steep slopes, (2) severe susceptibility to erosion, (3) severe 
effects of past erosion, (4) shallow soils, (5) low moisture-holding 
capacity, (6) frequent overflows accompanied by severe crop damage and 
(7) excessive wetness with continuing hazard of water-logging after 
drainage. 
Class V 
Soils in Class V have little or no erosion hazard but have other 
limitations that are impractical to remove and that limit their use 
largely to pasture or wildlife and cover. 
Soils in this class have limitations that restrict the kind of 
plants that can be grown and that prevent normal tillage of cultivated 
crops. They are nearly level but some are wet, are frequently overflowed 
by streams, are stony or have some combination of these limitations. 
Examples of Class V are (1) soils of the bottomlands subject to frequent 
overflow that prevents the normal production of cultivated crops, (2) 
level or nearly level stony or rocky soils, and (3) ponded areas where 
drainage for cultivated crops is not feasible but where soils are suitable 
for grasses or trees. Because of these limitations cultivation of the 
common crops is not feasible, but pastures can be improved and benefits 
from proper management can be expected. 
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Class n 
Soils in Class VI have severe limitations that make them generally 
unsuited for cultivation and limit their use largely to pasture, woodland 
or wildlife food and cover. 
Physical conditions of soils placed in Class VI are such that it 
is practical to apply pasture improvements, if needed, such as seeding; 
liming and fertilizing; and water control measures such as contour 
furrows, drainage ditches, diversions or water spreaders. Soils in Class 
VI have continuing limitations that cannot be corrected such as (1) 
steep slopes, (2) severe erosion hazard, (3) effects of past erosion, 
(4) stoniness, (5) shallow rooting zone, (6) excessive wetness or overflow 
or (7) low moisture capacity. Because of one or more of these limitations 
these soils are not generally suited for cultivated crops. But they may 
be used for pasture, woodland or wildlife cover or some combination of 
these. 
Class VII 
Soils in Class VII have very severe limitations that make them 
unsuited for cultivation and that restrict their use largely to grazing, 
woodland or wildlife. 
Physical conditions of soils in Class VII are such that it is 
impractical to apply such pasture improvements as seeding, liming, 
fertilizing and water-control measures such as contour furrows, ditches, 
diversions or water spreaders. Soil restrictions are more severe than 
those in Class VI because of one or more continuing limitations that 
cannot be corrected, such as (1) very steep slopes, (2) erosion, 
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(3) shallow soil, (4) stones, (5) wet soil, or (6) other limitations that 
make them unsuited for common cultivated crops. They can be used safely 
for grazing, woodland or wildlife food and cover or some combination of 
these under proper management. 
Column 1 of Table 1 indicates the total acreage included in each 
of the land use capability classes for the five-county area of the study. 
Two further classifications are made in the Iowa Conservation Meeds 
Inventory (56) providing (1) information as to current usage of the land 
resource and (2) dominant limitations which the various soils possess.^ 
In extensive discussion with Soil Conservation Service personnel an 
annual soil loss of four tons per acre was agreed upon as being the 
maximum allowable to maintain the soil resources of the area. 
These three considerations, (1) current land usage, (2) dominant 
limitations, and (3) maximum soil loss, were aggregated to develop a 
cropping pattern system which links current usage of the land to future 
possibilities. This system is described below and the relevant acreage 
is given in Columns 2 through 8 of Table 1. 
Crop Pattern A - Cropland needing no investment and capable of 
intensive cropping. 
Crop Pattern B - Cropland needing investment in drainage. 
Crop Pattern C - Cropland needing investment in conservation measures. 
Crop Pattern D - Permanent pasture which can be renovated or 
converted to cropland. 
Crop Pattern E - Permanent pasture which can be renovated and 
cropland to be seeded to pasture. 
Vhese are a) susceptibility to erosion, b) excess water and 
c) limitations in the root zone. 
Table 1. Land resource acres by use capability class® 
1 2 
Column 
3 4 5 6 7 8 
Land Use 
Class Total A 
Crop Pattern 
B C D E F G 
I 98,733 58,081 12,576 855 20,177 0 7,044 0 
II 680,265 205,346 96,806 305,533 55,470 0 17,110 0 
III 625,857 121,211 527 378,914 68,181 0 57,024 0 
IV 198,288 27,356 0 92,924 17,483 17,483 43,042 0 
V 27,616 0. 0 0 0 19,200 8,416 0 
VI 101,852 0 0 0 0 50,408 29,159 22,285 
VII 251,605 0 0 0 0 39,250 195,072 17,283 
Totals 1.984,216 411,994 109,909 778,226 161,311 126,341 356,867 39,568 
^Source: Iowa Conservation Needs Inventory 1970 (56). 
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Crop Pattern F - Forest land which in some cases can be cleared 
for cropland. 
Crop Pattern G - Cropland or pasture which will be converted to 
forest land. 
For use in this study the following assumptions were made in regard 
to future land use potential. 
I. All land use capability Class I land can be intensively cropped. 
That currently in permanent pasture or forested can be 
converted to cropland. 
II. Classes II, III, and IV land can be cropped with decreasing 
Intensity. 
A. Class II land at a ratio of two years row crop to one year 
cover crop. All land currently in permanent pasture or 
forested can be converted to cropland. 
B. Class III land at a ratio of two years row crop to two years 
cover crop. All land currently in permanent pasture can be 
converted to cropland and land currently forested will 
remain such. 
C. Class IV land at a ratio of one year row crop to two years 
cover crop. One-half of the land currently in permanent 
pasture can be converted to cropland and land currently 
forested will remain such. 
III. Classes V, VI, and VII are not suited for cropland. Pasture, 
forest or recreation usage is permitted. 
A. All of Class V land currently in crops will be converted 
to pasture. 
B. One-half of Class VI land currently in crops will be 
converted to pasture and the balance to forest. 
C. Three-fourths of Class VII land currently in crops will be 
converted to forest and the balance to pasture. 
Activities were defined to clear land of trees, provide drainage, 
construct conservation structures, reforest land, seed pasture, renovate 
pasture, and convert land to cropland. These activities move land 
from one capability category to another consistent with the restrictions 
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outlined above. For example, an activity was defined to convert land from 
Class I-F to Class I-A by clear cutting of trees. These activities are 
discussed in detail in Chapter IV of this thesis. 
Labor 
The 1970 Census of Population classifies the labor force of counties 
with two systems. In Table 122 of the volume title General Social and 
Economic Characteristics (50) the labor force is separated by occupation. 
Twelve major occupational categories are reported. Section A of Table 2 
indicates this inventory of labor for the five counties of the study. The 
data shown includes those working at the time of the census and those 
unemployed. Table 123 of the same Census of Population volume enumerates 
the work force by industry. Forty industry classes are indicated. For 
ease of model building these industry classes were aggregated into 12 
classes and finally reduced to 11 when the mining class was shown to 
have less than 100 workers. Section B of Table 2 compiles this data 
for the five counties under study. It will be noted that the total 
labor force indicated in Section B of Table 2 does not include 1,154 
workers who were unemployed at the time of the census enumeration. 
A further division of the labor force by education was deemed 
important in the model. Census data is available regarding the edu­
cational attainment of those people over 25 years of age. No comparative 
data is readily available to indicate the educational background by 
either occupations or industry of workers. The following assumptions 
were made to determine educational requirements for the various 
occupations: 
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Table 2. Labor force by occupations and industry 
Section A - Labor Force by Occupations* 
Professional, technical, and kindred workers 3,054 
Managers and adminstrators, except farm 2,729 
Sales workers 1,850 
Clerical and kindred workers 3,874 
Craftsmen, foremen, and kindred workers 3,704 
Operatives, except transport 3,314 
Transport equipment operatives 1,464 
Laborers, except farm 1,309 
Farmers and farm managers 7,478 
Farm laborers and farm foremen 2,238 
Service workers, except private household 3,990 
Private household workers 665. 
Total labor force by occupations 35,730^ 
Section B - Labor Force by Industry^ 
Agriculture, forestry, and fisheries 9,871 
Mi ningd 93 
Construction 1,826 
Manufacturing 3,790 
Transportation® 1,752 
Trade 7,130 
Finance, real estate, and insurance® 841 
Business and repair services 
Personal services® 
610 
1,515 
Entertainment and recreation services 111 
Professional services® 6,092 
Public administration 945 
Total labor force by industry 34,576 
®Data taken from Table 122, 1970 Census of Population, General 
Social and Economic Characteristics (50). 
^Includes 1,154 unemployed workers. 
^Data taken from Table 123, 1970 Census of Population, General 
Social and Economic Characteristics (50). 
^Mining was eliminated in the model due to the low numbers of 
persons employed. 
®Some aggregation of census data was accomplished to ease model 
building. 
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Occupations requiring four years or more advanced education; 
Professional-technical 
Occupations requiring two years of advanced education; 
Managers and administrators 
Clerical 
Craftsmen 
Operatives 
Farmers and farm managers 
Service workers 
Occupations requiring a high school degree; 
Sales workers 
Transport 
Laborers 
Farm laborers 
Private household workers 
A chart was designed to allocate workers of the specific occupations 
to the various industry classifications. Table 3 was completed to 
indicate the occupations employed by industry groups using the complete 
classification system in the census plus the description of types of 
work done by the various occupational classes.^ For example, the 
"transportation" industry employs managers and administrators, clerical 
workers, transport workers, and laborers. Table 4 was completed 
indicating an input table to allocate workers by occupation to the 
various industry groups. The allocation was accomplished using a 
proportioning method, census classifications, and judgment on the part 
of the researchers. The columns of Table 4 total to 1.0 and are used in 
the following manner. 
^Appendix B of General Social and Economic Characteristics, 1970 
Census of Population (50). 
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Table 3. Distribution of workers by occupation to industry 
Industry 
Occupation 
Professional 
Technical 
Managers & 
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Each worker employed in an industry class is considered to be a 
composite of the various occupations indicated in the table. For 
example, each person employed in the "transportation" industry is: 
.1315 Managers and administrators 
.1836 Clerical worker 
.6000 Transport worker 
.0849 Laborers 
1.0000 Total 
The occupational classes are thus allocated to the various industry 
classes. 
The census indicates a total of 35,730 members of the labor force.^ 
A total population of 95,672 were residing in the five-county area in 
1970. By simple division each member of the labor force must support 
2.677 persons on the average. 
Activities are defined within the model to transfer workers between 
occupations and in some instances they required two or four years of 
post high school education. These educational activities were considered 
to be a capital investment and therefore added to the increase in the 
objective function. These activities are described in detail in Chapter 
IV. 
Capital 
Capital resources were divided into two major categories to 
institute the model. Liquid capital was defined as those deposits held 
by banks of the five counties. No distinction was possible as to which 
^Extended detail is included in Appendix B. 
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productive sector of the economy maintained control over these assets. 
Capital stock is defined as the current value of fixed and working 
assets held by the various productive sectors in the area. Current land 
values were not included in any sector due to the constancy of the total 
over the years of the model and the fact that land is one of the basic 
resources considered. Capital improvements in the land are included as 
described in other parts of this thesis. 
The capital resources enumerated for the area and Included in the 
model are as follows: 
Liquid Bank Deposits^ _ $236,328,000 
Agricultural Buildings^ 45,000,000 
Agricultural Machinery a 94,000,000 
Industrial Buildings & Machineryr 61,000,000 
Commercial Buildings & Equipment 214,000,000 
Recreational Improvements® 262,000 
Capital resources in the public sector were not included. 
Earnings from productive activities are divided where possible into 
(1) wages and salaries and (2) entrepreneural incomes. The public sector 
was not allowed to earn entrepreneural incomes which in this case would 
be concluded to be carry-over tax collections. Two sectors of the model 
economy, agriculture and recreation, included only entrepreneural incomes 
Tprom American Bank Directory, Iowa 1972 (3). 
^From 1969 Census of Agriculture (46). 
^From 1969 Census of Agriculture (46). 
4 Estimate based on national average investments per employee. 
^Estimate based on national average investments per employee. 
^Estimate based on national average investments per employee. 
37 
reflecting the high proportion of owner-operators. 
Figure 1 indicates the "micro money flow" of the model in a static 
condition. Following the model through, one would proceed as follows: 
1. Productive activities obtain capital from investment capital 
of its own sector. 
2. Profits from the activity are divided between entrepreneural 
income and wage and salary payments. 
3. Wages and salaries are first spent on consumption goods and 
the remainder is placed in savings in the "bank". 
4. Entrepreneural incomes are either reinvested in productive 
activities within its own sector or placed in the "bank". 
5. The "bank" can make investments in any sector of the model. 
The picture appears somewhat more complex when considering a 
multiperiod model as in Figure 2. However, transfers from one time 
period to the next provide the only changes. In the dynamic model all 
the income earned in one time period can not be invested in productive 
activities within the same period. For this study the assumption was 
made that one-half of the entrepreneural income and one-half of the 
savings can be invested in productive activities within the current time 
period. The remaining one-half of each must be transferred to the next 
time period for investment. In the final time period of the model 
this latter amount is deposited in the "bank" but not allowed to be 
invested. 
Investment capital can thus be derived from four sources: 
1. Current capital investments including bank deposits. 
2. Savings from wages and salaries. 
3. Entrepreneural income, and 
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Productive Activity 
Sector Y 
Wages and 
Salaries 
Sector Y 
Entrepreneural 
Income 
Sector Y 
Consumption 
Sector Y 
Investment Capital 
Sector Y Sector Y 
^ Bank Investment Capital 
Sector not-Y ^ — 
Non-conditional flows 
Conditional flows 
Figure 1. Micro money flow diagram (static mode]) 
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Figure 2. Micro money flow diagram (multiperiod model) 
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4. Moneys imported from outside sources and repaid plus interest. 
Two additional resources are important to the development potential 
of the area. The first is the recreation-tourism potential and the 
second is the attitude of the residents of the area toward work 
endeavors and economic development. 
Recreation-Tourism Potential 
A cursory tour of the Upper Explorerland area leaves the impression 
of significant potential for recreation and tourism. Topographic 
and geologic formations unique in the north central states are abundant. 
Water resources are available for a number of water sports. The 
landscape contains many characteristics of high scenic and aesthetic 
value. A report^ printed by the Upper Explorerland RC&D Project office 
includes a table, reproduced here as Table 5, which indicates the 
potentials for 12 various types of recreational activities in the 
five-county area. 
Of equal importance is the geographical location of the area. 
Constructing a circle with a radius of 200 miles around the center 
of the area, a considerable number of urban residents are included 
within this "half-day" automobile trip to Upper Explorerland. 
Considering only those persons living within Standard Metropolitan 
2 Statistical Areas (SMSA's) a total of over 13 million people are 
^See Potential for Outdoor Recreation Developments in Upper 
Explorerland Resource Conservation and Development Project (55). 
^Census of Population, 1970 (47). 
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Table 5. Potentials for the development of 12 kinds of recreation in 
Upper Explorerland Resource Conservation and Development 
Project area 
Kinds of Recreation Development Project Area 
Vacation Cabins, Cottages & Homesites High 
Camping — Vacation Site High 
— Canoe Trip High 
— Transient Medium 
Picnic &— Game, Play, Target Medium 
Sports — Bicycling Medium 
Areas — Picnic Area Medium 
Fishing — Warm Waters High 
Waters — Cold Waters Medium 
Golf Courses — Standard & Par-3 Medium 
— Miniature & Driving Range Low 
Hunting Areas-- Small Game Medium 
— Big Game High 
-- Waterfowl Medium 
Natural & Scenic — Natural Areas High 
& Historical — Scenic Areas High 
Areas — Historic Areas . Medium 
Riding Stables Medium 
Shooting Preserves Medium 
Vacation Farms — Farms High 
& Ranches — Ranches 
Water Sports Areas Medium 
Winter Sports Areas Medium 
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enumerated. Table 6 indicates the locality of residence of these 
persons. This illustrates the potential market for recreation-tourism 
in the five-county area. 
Residents Attitudes 
Two surveys were conducted in the summer of 1972^ to ascertain (1) 
the attitudes of local residents toward area development and (2) the 
reasons for industry locating in the area as well as the direct 
economic impact of the industry. Selected aspects of relevance are 
reproduced as follows: 
- Aspects of life that appeal to residents; 
Attractive surroundings or life style 53% 
Business interest or job opportunities 37% 
Other 10% 
2 
- Income increases required to encourage residents to leave area; 
0-10% increase 21% 
25-50% 27% 
100% increase 5% 
Would not consider 47% 
- Would favor increased industry if commercial services were 
improved;^ 
Yes 84% 
No 10% 
No opinion 6% 
^Conducted cooperatively by the Center for Agricultural and Rural 
Development and Upper Explorerland RC&D Executive Committee. 
^Two hundred households were surveyed. 
^wo hundred households were surveyed. 
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Table 6. Residents of S.M.S.A's. within 200 miles of Upper Explorerland 
Population 1970 
163,213 
266,119 
286,101 
90,609 
132,916 
6,978,947 
341,979 
272,063 
362,638 
1,704,423 
56,604 
276,891 
158,244 
117,917 
80,468 
290,272 
1,403,688 
170,838 
13,153,930 
S.M.S.A. 
Iowa 
Cedar Rapids 
Davenport 
Des Moines 
Dubuque 
Waterloo 
Illinois 
Chicago 
Peoria 
Rockford 
Rock Island Moline 
Minnesota 
Minneapolis - St. Paul 
Rochester 
Wisconsin 
Appleton -
Green Bay 
Kenosha 
LaCrosse 
Madison 
Milwaukee 
Racine 
Oskosh 
Total 
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Would fav^r increased tourism if commercial services were 
improved; 
Yes 
No 
No opinion 
m 
22% 
- Industry managers^ opinion of employee loyalty; 
Average 
Above average 
Very loyal 
25% 
54% 
21% 
- Industry managers^ opinion of employee productivity; 
Below average 
Average 
Above Average 
Much above average 
10% 
25% 
54% 
11% 
The replies to these questions, although recognizably from a small 
sample, indicate a positive attitude of the population toward work 
and community development. Of further interest, however, is two 
questions asked of the residents to ascertain how they perceive their 
home community as to its size and ability to fulfill the needs of the 
population. 
- Do you think this community is: 
Too big 
Too small 
About right 
0% 
20.4% 
79.6% 
Vwo hundred households were surveyed. 
2 The survey consisted of 28 industry managers. 
3 The survey consisted of 28 industry managers. 
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- How does this community rate as it relates to your needs: 
These replies indicate a high level of satisfaction with the 
present status of the communities of the area. Being somewhat in 
conflict with the findings of the previous set of questions they 
reflect perhaps the most difficult problem associated with rural 
community development. 
Excellent 
Good 
Average 
Poor 
Very poor 
19.1% 
37.6% 
38.3% 
3.5% 
1.4% 
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CHAPTER IV. ECONOMIC SECTORS OF MODEL 
AND DEFINITION OF ACTIVITIES 
For this study the economy of the Upper Explorerland area has been 
divided into five productive sectors and one consumptive sector. The 
productive sectors are: agriculture, industry, commerce, recreation-
tourism, and public. Agriculture and industry, the primary production 
sectors, are not affected by demand restraints due to the minuteness of 
the supply possible from the area in comparison to total supply in the 
United States economy.^ All activities of these two sectors enjoy a 
purely competitive position in the market. 
The three sectors; commerce, recreation-tourism, and public, 
denoted as secondary production sectors, are demand driven. This implies 
that activities within these sectors enter the solution in order to 
satisfy demands for products or services expressed by other activities 
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of the model. Figure 3 indicates the basic flow of goods and services 
to the consumption sector. The consumption sector receives goods and 
services from the three secondary production sectors. In turn this 
sector provides labor and capital to the primary and secondary production 
sectors. A second aspect of final demands is the rest of the world or 
^Demand restraints are not difficult to consider in a linear program­
ming model once enumerated. It was decided not to do so for this study. 
Zfor example, public activities expand only to that point where 
demands for public services are met. Such activities are not allowed 
to increase beyond this point even though they may be profitable and/or 
increase the objective function value. 
Final Demands - Consumption Sector Exports 
Secondary Production 
Primary Production 
w 
Commerce 
Sector 
Public 
Sector 
Recreation 
Sector 
Industry , 
Sector ^ 
Agriculture. 
Sector 
Figure 3, Flow chart of goods and services 
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exports. As discussed above, when domestic demands^ for products from 
the primary production sectors are satisfied the balance of production 
can be exported regardless of quantity. 
A coding system was utilized which identified the activities and 
restraints (columns and rows) of the model. The code numbers are 
five digit numbers, such as "ijkkk", where 
the first digit represents the time periods, 1=1,2,3; 
the second digit represents economic sectors or restraint type, 
j=0,l,...,9; and 
the third through fifth digits represent specific activities or 
restraint numbers, kkk«000,...,999. 
Agriculture Sector 
Information on agricultural production is abundant and localized. 
Data used to develop agricultural activities was found in a number of 
publications.2 A total of 84 agricultural activities were defined for 
each of the three time periods of the model. By major categories these 
are as follows: 
n Livestock production activities 
15 Rotation cropping activities 
18 Land use changing activities 
20 Permanent pasture activities 
20 Forest activities 
A partial listing of activities and associated coefficients are 
Illustrated In the follwing sections. A complete listing of all 
1Defined as being demands from within the five county area. 
^See: 1. Fayette County Soil Resource Study Report (15). 
2. Suggested Costs and Returns in Crop and Livestock Production (25), 
3. 1970 Farm Business Summary for Northeast Iowa (W), 4. Productivity 
Levels of Some lowa'^oils (16), 5. Midwest "Farm Planning Manual (26). 
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activities in the model is found in Appendx B. 
Livestock activities 
Livestock production activities to be considered included swine 
production under three levels of technology, beef production under 
two levels of technology and two beginning weight classes, beef cows 
producing calves, dairy with two grades of product, and a poultry activity 
defined in terms of turkey production. Coefficients used are indicated 
in Table 7. Livestock and feed prices used in the base model are as 
follows: 
Live hogs = $19.00 cwt. 
Live cattle = $20.00 cwt. 
Yearling feeder cattle = $30.00 cwt. 
Feeder calves = $32.00 cwt. 
Grade B milk = $4.00 cwt. 
Grade A milk = $5.00 cwt. 
Poultry = $ .24 lb. 
Corn equivalent = $1.10 bu. 
Protein concentrates = $5.50 cwt. 
Forage = $44.00 ton TON. 
Rotation cropping activities 
Cropping activities were developed to maintain a maximum annual 
soil loss of four tons per acre, therefore, crop intensity decreases as 
land slope increases. Rotation cropping activities are considered 
only for land capability classes of I, II, III, and IV as discussed 
in Chapter III. Likewise, rotation cropping is allowed only on crop 
pattern classes A, B, and C. Cropping activities and associated 
coefficients are illustrated in Table 8. Prices of crop outputs are as 
follows: 
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Table 7. Coefficients for livestock activities 
Activity No. 11201® 11204^ 11208= 11210^ 11211® 
Inouts 
Labor (h.rs) 30 15 9 90 130 
Corn (bu) 184 60 2 94 905 
Forage (lbs TON) 1350 1500 5600 9000 0 
Oilmeals (lbs) 2000 170 100 1060 23.700 
Capital ($) . 231 220 64 204 2,500 
Buildings ($)' 10 16 5 20 200 
Supo. (s)q 151 14 16 134 1,700 
Livestock ($)" 70 190 43 50 600 
itputs 
Red Meat (lbs) 3436 1135 143 500 0 
Beef Calves (lbs) 0 0 430 0 0 
Milk (lbs) 0 0 0 11000 0 
Poultry Meat (lbs) 0 0 0 0 21,000 
*One sow and two litters, average technology. 
b'One yearling steer, low level of technology. 
=One beef cow, average level of technology. 
^One dairy cow producing grade B milk. 
®1000 turkeys, average level of technology. 
^Annual cost of buildings and equipment. 
^Includes protein concentrates, veterinary, medications, etc. 
^Annual cost of livestock ownership. 
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Table 8. Coefficients for rotation cropping activities 
Activity No. 11101* 11102^ 11103^ 11115^ 
Inputs 
Land (acres) 12 6 1 
Labor (hrs) 6 11 42 30 
Capital ($) ^ 50 SO 248 95 
Machinery (SI® 12 20 72 12 
Supplies (S)f 38 60 176 83 
Outputs 
Corn equivalent (bu) 110 110 370 0 
Oilseeds (bu) 0 40 0 0 
Forage (lbs. TON) 0 0 9000 0 
Vegetables (tons) 0 0 0 20 
^One acre continuous corn on land I-A. 
*^Two acres corn-soybean rotation on land I-A. 
^Six acres CCCOMM rotation on land II-A. 
^bne acre labor intensive vegetables (tomatoes) on land I-A. 
^Annual cost of machinery ownership. 
^Cost of fertilizer, chemicals, petroleum products, etc. 
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Corn = $1.10 bu. 
Soybeans = $2.50 bu. 
Forage = $44.00 ton TON. 
Vegetables (beans) = $78.00 ton. 
Vegetables (tomatoes) = $35.00 ton. 
Land use changing activities 
Four types of activities are Included in this category including 
drainage, conservation, land clearing, and conversion of pasture to 
cropland. The drainage activities convert land in sub-class B into sub­
class A. Similarly the conservation activities convert land of sub-class 
C into sub-class A. Land clearing activities convert land from sub-class 
F to sub-class C. And the pasture conversion activities convert land 
of sub-class D to sub-class C. 
The conservation activities are divided into three types as 
follows: 
Conservation I - Stripcropping and contour cropping. 
Conservation II - Terraces and contour cropping. 
Conservation III - Parallel terraces, and contour cropping. 
Additions to the objective function are provided by the drainage 
and Conservation II and III activities since long-run productivity of 
the land resource is in&eased. Table 9 illustrates these land use 
changing activities. 
Permanent pasture activities 
Two permanent pasture activities are provided for in the model. 
Pasture can be produced on land sub-classes D, E, F, and G under 
traditional management methods or on land sub-classes D and E under a 
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Table 9. Coefficients for land use changing activities 
Activity No. 11001® 11021^ 11031^ 11011^ 11061® 
Inputs 
Land (A) 1 1 1 1 1 
Capital {$) 200 5 70 200 0 
Outputs 
Land (A) 1 1 1 1 1 
Objective 
Function Values 
Period I ($) 149 0 52 0 0 
Period II ($) 174 0 61 0 0 
Period III ($) 200 0 70 0 0 
^Drainage of one acre of land class I-B creates one acre of land 
class I-A. 
^Conservation I on one acre of land class I-C creates one acre of 
land class I-A. 
^Conservation II on one acre of land class II-C creates one acre 
of land class I-A. 
^Land clearing on one acre of land class I-F creates one acre of 
land class I-C. 
^Convert one acre of land class I-D to one acre of land class I-C. 
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management system which calls for periodic renovation. Table 10 
describes these activities. It is noted that labor and capital 
reauirements are nreater in the year the renovation of pasture takes 
Place. 
Forest activities 
Four types of activities are included related to forestry in the 
model. These are harvest of existing forest stands, clear cutting 
existing forest, forestation of non-forest land, and planting Christmas 
trees. The harvest of existing forest stands implies selective cutting 
whereas clear cutting relates to complete deforestation of the land. 
Increases in the objective function value are provided for in the 
forestation, Christmas tree planting, and forest harvest activities. 
Table 11 illustrates production coefficients for the forest activities.^ 
Industry Sector 
Basic data for industrial activities was derived from two sources. 
The report Industry Profiles (51) includes industries categorized by the 
"Standard Industrial Classification" (S.I.C.) system which divides them 
into two, three, and four digit classes. The second source was an input-
output study titled "Input-Output Structure of the U. S. Economy 1963" 
(52). The Industrial classes in the report were independently numbered 
1 
Sources of data for forest activities are: 1. Forestry Returns 
Evaluated (34), 2. Iowa Forest Industry Potential (10), 3. A 
Decision-Making Guide for Christmas Tree Production (22). 
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Table 10. Coefficients for permanent pasture activities 
Activity No. 11041* 11066^ 
Inputs 
Land (A) 1 1 
Labor (hrs) 7 3 
Capital (S)C 0 0 
First Period 25 3 
Subsequent Periods 15 3 
Outputs . 
Forage (lbs. TON)° 2250 900 
*0ne acre renovated pasture on land class I-D. Labor requirement 
includes three hours first year and two hours each subsequent year. 
bOne acre non-renovated pasture on land class I-D. Labor requirement 
is one hour per year. 
^Capital requirement for period rengvation takes place is higher 
than In subseouent periods. 
^Annual production. 
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Table 11. Coefficients for forest activities 
Activity No. 11131* 11141^ 11051^ 11055^ 
Inputs 
Land (A) 111 1 
Capital ($) 0 0 60 288! 
Labor (hrs) 0 0 20 184' 
Outputs 
Forest Products (S) 9 225 0 22009 
Objective 
Function Values 
Period I (S) 25 0 45 0 
Period II ($) 25 0 30 18039 
Period III ($) 25 0 15 14679 
^Harvest forest products from one acre of land class I-F. 
^Clear cut one acre of land class I-F. 
cpiant trees on one acre of land class IV. 
^Plant Christmas trees on one acre of land class VI. 
®Cost is divided among time periods as follows; Period I - $140, 
Period II - S50, Period III - $98. 
f Labor requirement is divided among time periods as follows: 
Period I - 41 hrs., Period II - 56 hrs.. Period III - 87 hrs. 
"Christmas trees planted in time period I can be harvested in 
time period III. Plantinqs in later periods can not be harvested 
within the time frame of the model and thus appear as increases in 
objective function value. 
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categories with cross references to related S.I.C. code numbers.^ 
2 The data in Industry Profiles was aggregated into "per industry" 
classes. That data provided in "Input-Output Structure" was aggregated 
on the basis of per dollar of output. It was desired to develop 
industrial activities using one man-year as the base unit. This 
required a large amount of data manipulation and a considerable degree 
of judgment to select and develop production coefficients for the 
industries to be included in the model. 
Selection of industrial activities 
A total of 88 industrial activities were defined for inclusion in 
the model. The selection was made using three criteria. First, 
industries were included if they were currently in existence in the 
area. A second selection was made of representative industries which 
require significant quantities of inputs which appeared to be available 
in the area. Such inputs considered to be plentiful were low-skilled 
labor, agricultural products, forest products, and certain minerals, 
i.e., limestone, sand and gravel. 
The third selection was accomplished after the first two were 
nearing completion. It was observed that some industries selected 
under criteria one and two required large amounts of inputs which could 
be produced within the area with imported inputs if the profitability 
Hhe input-output study did not contain as many classes as the 
Industry Profiles study and in some cases the aggregation was sig­
nificantly different between the tv/o studies. 
wo, three, and four digit S.I.C. categories. 
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was sufficiently great. These were included if they did not violate 
criteria two to any unreasonable degree. At this point 102 industries 
had been selected for consideration in the model. 
Development of production coefficients 
As stated above the industrial activities were to be developed 
on a one man-year basis. The data was processed according to the 
following steps. 
1. A "value of shipments oer employee" was calculated using the 
"total value of shipments" figure and dividing by "total 
employees" for each industry using 1969 figures from Industry 
Profiles (51). 
2. Data taken from the direct requirements table of the Input-
Output Structure (52) indicates the allocation of one dollar 
output among all' contributing inputs plus a value added figure 
which includes profit and labor costs. This data was sorted 
for each of the 102 industries. Only those inputs which 
comprised more than one per cent of output value were considered 
allov/ing for easier data handling and a smaller model. All 
those under one per cent were added to the residual inputs 
category. 
3. The percentage figures (determined in step two) were then 
multiplied by the "value of shipments per employee", which 
was assumed to be analogous to "value of output per employee", 
to obtain the dollar value of various inputs per employee. 
4. A comparison of the 102 industries with the data calculated in 
step three indicated which of the required inputs could be 
produced in the area, the remainder plus the residual inputs 
were assigned to be imports. 
5. A final survey of industries being considered indicated that 
some could be aggregated' and others were deemed to be of 
insignificant size and were thus deleted. This final selection 
reduced the number to 88 industries. 
^In case of aggregating two or more industries the coefficients 
used were simole averages of the data from the individual industries. 
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The final step involved preparing coefficients for the model. All 
were calculated on per man-year basis. 
1. Capital stock reouirement = the "Book value of assets per g 
employee (1964)"' multiplied by an inflation factor of 1.14 
to update to 1969. 
2. Investment capital requirement = the "value of shipments per 
employee" figure minus "entrepreneural income per employee," 
calculated in number four below. 
3 3. Labor cost = the "total employees payroll" figure divided by 
"total employees." 
4. Entrepreneural income = the "labor costs per employee" 
figure substracted from "value added per employee," calculated 
above. 
5. Output = "value of shipments per employee," calculate above. 
6. Labor requirement = one man-year. 
All industrial activities included the six statistics above plus 
those involved with input requirements and output. Table 12 displays a 
sample of the 38 industrial activities of the model and their 
associated coefficients. A complete listing of activities is found 
in Appendix B. 
It in noted that the investment capital requirement includes a 
depreciation factor to maintain the buildings and machinery at a constant 
level of efficiency. Industrial expansion activities are instituted with 
^Source: Industry Profiles (51). 1969 data. 
^Inflation factor = 1969 Wholesale Price Index 
1964 Wholesale Price Index 
114 = 115.1 
ToO 
3 Source: Industry Profiles (51). 1969 data. 
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Table 12. Coefficients of industrial activities 
Activity No. 12015* 12054^ 12074^ 12086^ 
Inputs® 
Capital stock ($) 9,407 10,048 11,617 4,974 
Investment capital (S) 25,146 20,523 28,109 17,776 
Labor costs {$) 5,344 8,188 8,307 5,711 
Labor (man-year) 1-111 
Forest products ($) 7,757 
Sawmill products ($) 676 
Metal services ($) 290 
Wholesale services (S) 399 1,222 775 
Paperboard containers ($) 421 
Plastic materials (S) 635 
Screw machine products ($) 333 
Metal stampings ($) 1,483 
Residual ($) 11,369 11,846 18,580 8,418 
Outputs 
Entrepreneural income ($) 717 4,917 6,961 4,023 
Output ($) 25,863 25,440 35,070 21,799 
Labor payments ($} 5,344 8,188 8,307 5,711 
^Logging. 
^Screw machine products. 
^Storage batteries. 
^Buttons. 
^Annual data is presented. 
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a per unit investment requirement equal to that indicated as the 
"capital stock" input. These expansion activities are the only entries 
into the objective function in the industry sector. New industrial 
activities are not allowed to occur until the capital stock, indicated 
in Chapter III, is exhausted. 
Commerce Sector 
Published data concerning commercial enterprises is quite sparse 
probably due to the extreme heterogeneity of such activities. 
Eidman and Walker (13) in a study of commercial activities in 
1 
Oklahoma grouped them into nine classes. These classifications were 
used as a base for this study. 
It was desired to have approximately 12 categories in the model 
which would reflect more specifically the activities of all sectors 
of the economy of IJpoer Explorerland. Further, the commercial 
activities were to be developed on a per man-year basis rather than on 
a per establishment basis. The service center model discussed in 
Chapter VII will develop a system for determining the number and 
location of individual establishments of specific types of commercial 
services. 
The commercial services selected for inclusion in the model are 
indicated in Table 13. It is noted that a total of 15 categories 
^Classes of commercial activities were: lA Grocery, IB Cafes, 
II Furniture and Appliances, III Clothing, Shoe and Department Stores, 
IV Variety, Drug and Hardware, V Auto Sales and Service Stations, 
VI Agricultural Input Stores, VII Building Materials and VIII Personal 
and Financial Services. 
62 
Table 13. Commercial activities 
Model Code Commercial Business 
Number Categories 
13031 Grocery Stores 
13032 Restaurants 
13033 Furniture and Appliance Stores 
13034 Clothing and Department Stores 
13035 Variety, Drug, and Hardware Stores 
13036 Auto, Sales and Service 
13037 Building Materials 
13038 Medical Service 
13039 Financial and Legal Services 
13040 Personal Services 
13041 Miscellaneous Services 
13043 Transportation Services 
13045 Wholesale Services 
13201 Agricultural Machinery and Equipment 
13202 Agricultural Supplies 
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were declared. 
Definition of coefficients 
Data utilized to develop coefficients for the commercial activities 
was, by necessity, derived from three major sources. The County 
Business Patterns (48) provided information on employment and salaries. 
The 1967 Census of Business (53) provided data on numbers of establish­
ments and total amount of gross sales by category. A publication by 
Dun and Bradstreet (12) indicates the breakdown of gross sales into 
various types of costs for commercial activities. Information from 
these sources are summarized in Table 14. 
This data was converted to a man-year basis by a simple division 
process. The resulting coefficients used to describe the commercial 
activities in the model are indicated in Table 15. 
The mechanics of the commerce sector are similar to that of the 
industry sector discussed previously. The primary difference is the 
sector is demand limited in that the activities are not allowed to 
produce more than the consumption derived demand reouires. 
Recreation-Tourism Sector 
Tourism is considered by the residents of Upper Explorerland to 
be a significant factor in future development of the area. To reflect 
this factor a group of tourism activities were desired in the model. 
Again data on recreation-tourism activities is very sparse, particularly 
in regard to inputs. 
Most research dealing with demands for recreation-tourism use as 
a basis the concept of a visitor night. This is particularly relevant 
Table 14. Commercial service establishments basic data 
Code Number 
13031 13032 13033 13034 13035 
Employees per establishment 
Payroll per establishment {%) 
Sales per establishment ($) 
Profit per dollar sales ($) 
Profit per establishment ($)® 
Capital stock per establishment ($) 
Employees per establishment 
Payroll per establishment ($) 
Sales per establishment ($) 
Profit per dollar sales ($) 
Profit per establishment ($)® 
Capital stock per establishment ($) 
Employees per establishment 
Payroll per establishment ($) 
Sales per establishment ($) 
Profit per dollar sales ($) 
Profit per establishment ($)® 
Capital stock per establishment ($) 
9.27 6.06 4.83 6.05 14.22 
29,571 12,647 22,078 18,688 48,931 
367,708 57,567 147,698 137,552 353,983 
.055 .110 .170 .150 .150 
20,224 6,332 25,109 20,633 53,097 
54,415 28,179 43,349 63,279 88,150 
Code Number 
13036 13037 13038 13039 13040 
5.07 14.22 7.76 3.77 10.23 
21,365 56,880 44,418 13,848 33,884 
245,440 489,052 555,228 40,204 101,612 
.090 .500 .300 .200 .250 
22,090 244,526 166,568 8,041 25,403 
46,264 277,062 252,073 36,284 66,045 
Code Number 
13061 13043 13045 13201 13202 
5.45 7.58 9.92 6.38 4.58 
13,620 47,997 67,456 30,522 21,993 
58,587 378,500 2000,000 390,522 361,164 
.200 .139 .077 .090 .100 
11,717 51,460 154,000 35,151 36,116 
56,767 288,912 241,998 32,608 95,708 
^Profit per establishment = (Sales per establishment) X (Profit per dollar sales). 
Table 15. Coefficients for commercial activities 
13031 
Activity Number 
13032 13033 13034 13035 
Inputs 
Labor (man-years) 
Capital Stock ($) 
Investment Capital ($) 
Labor Payments (5) 
Outputs 
Sales (S) 
Entrepreneural Income ($) 
Labor Payments ($) 
Inputs 
Labor (man-years) 
Capital Stock ($) 
Investment Capital ($) 
Labor Payments ($) 
Outputs 
Sales ($) 
Entrepreneural Income ($) 
Labor Payments ($) 
Inputs 
Labor (man-years) 
Capital Stock ($) . 
Investment Capital ($) 
Labor Payments ($) 
Outputs 
Sales (Î) 
Entrepreneural Income ($) 
Labor Payments ($) 
1 1 1 1 1 
5,970 4,650 8,975 10,459 6,199 
37,434 8,455 25,380 19,325 . 21,159 
3,190 2,087 4,571 3,089 3,441 
39,666 9,499 30,579 22,736 24,893 
2,182 1,045 5,199 3,410 3,734 
3,190 2,087 4,571 3,089 3,441 
Activity Number 
13036 13037 13038 13039 13040 
1 1 1 1 1 
9,125 19,484 31,195 9,651 6,456 
44,053 17,196 50,085 8,531 7,616 
4,214 4,000 5,724 3,644 3,322 
48,411 35,490 71,550 10,664 9,933 
4,357 17,196 21,465 2.133 2,683 
4,214 4,000 5,724 3,644 3,322 
Activity Number 
13041 13043 13045 13201 13202 
1 1 1 1 1 
10,416 38,115 24,395 5,111 20,897 
8,600 43,133 186,089 55,708 70,971 
2,499 6,332 6,800 4,784 4,802 
10,750 49,921 201,613 61,218 78,857 
2,150 6,788 15,524 5,510 7,886 
2,499 6,332 6,800 4,784 4,802 
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to this study for two reasons. First, is the availability of data and 
second is the assumption that tourist activities are planned and conducted 
In relation to overnight stays. 
Two activities were developed to reflect tourist demands on the 
economic structure of the five-county area. One includes effects 
resulting from outdoor camping and the second from overnights in 
motels or hotels. These two activities are outlined in Table 16. 
These two activities place demands on commercial services which 
are satisfied by activities of that sector. The data used to develop 
such demands was taken from a study titled "Characteristics of 
Automobile Travelers in Iowa" (8). This report is a summary of a 
survey taken in 1964 to determine the economic impact of various types 
of travelers in Iowa. The coefficients used were adjusted to reflect 
more accurately the two specific activities in the model.^ 
Two other activities are important in this sector. One is an 
activity to develop new campgrounds and the other Is a campground 
management activity. There are at present approximately 1310 
spaces in Upper Explorerland available for camping in all types of 
campgrounds. Best estimates by campground managers interviewed in the 
area are 10 camping spaces can be developed on an acre of relatively 
flat land. A second acre of land with a topography less favorable to 
^All data was inflated by 10% to reflect Increased price levels. 
Food expenditure of $10.18 was divided between demands on grocery 
stores and restaraunts on the basis of 67% and 33% for campers and 
20% and 80% for those overnighting in motels or hotels. Costs for 
motels and hotels are included in miscellaneous services. 
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Table 16. Coefficients for recreation-tourism activities 
Activity Number 15100® 15200^ 
Demands Created. 
Grocery Stores - 13031 ($) 6.81 2.04 
Restaurants - 13032 (S) 3.37 8.12 
Clothing & Dept. Stores -
13034 ($) 1.23 1.23 
Variety, Drua & Hardware -
13035 ($) ' 3.72 3.72 
Auto Sales & Service -
13036 ($) 6.05 6.05 
Miscellaneous Services -
13040 (S) .50 10.28 
Recreation - 13045 ($) 3.85 3.85 
^Recreation - Tourism camping activity. 
^Recreation - Tourism motel-hotel activity. 
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camping sites is suggested for such supporting activities as hiking, 
horseback riding, and other recreational activities. It was estimated^ 
that a capital investment of $2,000 per acre is required to prepare land 
for campgrounds. 
Further estimates concerning campground development and management 
are outlined below. 
(1) One man is able to manage 10 acres of campground. 
(2) An average touring group includes four persons. 
(3) The average cost per person for campground services is 
one dollar per night. 
(4) Average occupancy of campground spaces is 25%. 
(5) Net returns, exclusive of investment cost, to operator 
are 50% of gross sales. 
Demands for recreation-tourism services are taken from projections 
developed by the Iowa State University Cooperative Extension Service (31). 
In this report recreation participation is estimated for 14 counties of 
northeast Iowa. It was assumed that two thirds of the projected 
activity would take place in Upper Explorerland due to the comparative 
advantage of the area. The projection for camping is 548,000 visitor 
nights per year for 1975 and 608,000 for 1980. Demands for non-camping 
tourists was assumed to be 25% of that for campers. Actual tourist 
demands used in obtaining model solutions are indicated in Table 17. 
^Data used for this and subsequent estimates concerned with camping 
activities are taken from interviews with campground managers of the 
five-county area and other written references. See (4), (58), (18), 
(38), (17), and (29). 
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Table 17. Annual tourist demands 
Visitor - Nights 
Campers Non-Campers 
Time Period I 365,334 91,334 
Time Period II 385,334 96,334 
Time Period III 404,666 101,186 
Public Sector 
The average per capita expenditure by state and local governments 
in 1970 was $540 in Iowa J This includes expenditures for education, 
highways, public welfare, health, police protection, fire protection, 
and sewerage. This amount was used in the model as the per capita 
demand for state and local governmental service and conversely the 
supply of tax monies orovided per capita for financing such services. 
Money transfers to and from the federal government were assumed to be 
in balance and were therefore excluded from the model. 
Approximately 4.2% of the population^ of rural counties of Iowa 
are engaged in the governmental services listed above. This parameter 
was also used in the model requiring that 42 persons per one thousand 
population be employed by governmental agencies. This labor 
^See The Quality of Life in Iowa, A Economic and Social Report 
to the Governor for 197T (39). 
^See General Social and Economic Characteristics, Census of 
Population (50). 
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reauirement was assumed to be comprised of 50% public administration 
workers and 50% professionals^ due to the inclusion of public education 
and health services in the public sector. 
The Biennial Report of County Finances (42) indicates the 
dispersement of monies by local governments. A cursory summarization 
of this data indicates that such governmental expenditures are 
allocated approximately as follows: 40% salaries and benefits, 
35% construction and maintenance, 15% office and administrative supplies, 
and 5% travel. These estimates were used to determine demands on other 
sectors of the model created by the public sector. 
Consumption Sector 
Two sub-sectors will be discussed as parts of the consumption 
sector. First, an outline of the financial sub-sector will be given 
and then the consumptive activities will be discussed. 
Capital sub-sector 
The flow of capital within the model is determined by the set of 
activities indicated in Table 18. The most expedient method of 
describing the system is to examine briefly each of these activities 
and the associated restraints. 
; 
The restraints (rows) displayed are as follows: 
17100 - Sank deposits. 
17000 - General investment capital. 
17502 - Industrial capital stock. 
^See Table 4 in Chapter III. 
Table 18. Financial sub-sector 
AcYfvTW THTnlber 
12000 16500 12480 16610 16700 
Restraint Number 
17502 a 1000 
17602 a 
19702 -a 
10402 -a 
17000 -1000 -1090 
17100 1000 1000 
10400 
17604 
27502 -820 
27602 
29702 -a 
20402 -a 
27000 1150 
27100 -1000 
20400 -100 
27604 
37502 
37602 
39702 -a 
30402 -a 
37000 
37100 
30400 
37604 
Objective Function 
12460 12450 12820 12470 16400 14901 
-1000 
-1000 
1000 
1000 
1000 1000 
-1000 -1000 
-500 
1000 1000 
-1000 
-500 
Table 18. (continued) 
AcWUy ¥unrb¥r 
22000 26500 22480 26610 
Restraint Number 
17502 
17602 
19702 
10402 
17000 
17100 
10400 
17604 
27502 a 1000 
27602 a 
29702 -a 
20402 -a 
20700 -1000 -1000 
27100 1000 
20400 
27604 
37502 -820 
37602 
39702 -a 
30402 -a 
37000 1150 
37100 
30400 
Objective Function 
26700 22460 22450 22820 22470 26400 24901 
-1000 
1000 
1000 
1000 
1000 
1000 1000 
-1000 -1000 
-500 
1000 1000 
-1000 
-1000 
-100 
-500 
Table 18. (continued) 
Acti vi ty'liumGer' 
Restraint Number 
17502 
17602 
19702 
10402 
17000 
17100 
10400 
17604 
27502 
27602 
29702 
20402 
27000 
27100 
20400 
27604 
37502 a -1000 
37602 a -1000 
39702 -a 1000 
30402 -a 1000 
37000 -1000 1000 1000 
37100 1000 1000 -500 
30400 -1000 -1000 1000 1000 
37604 -1000 
Objective Function 1000 
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17602 - Investment capital, industrial sector. 
19702 - Entrepreneural income, industrial sector. 
10402 - Wages and salaries, industrial sector. 
10400 - Consumption transfer row. 
17604 - Public finance transfer. 
The activities (columns) displayed for the industrial sector are 
as follows: 
12820 - Transfers general investment capital to the industrial 
sector. 
12450 - Transfers wages and salaries earned to the consumption row. 
12460 - Transfers entrepreneural incomes to the consumption row. 
12470 - Transfers general investment capital to the industrial 
capital stock row. 
12430 - Transfers unused capital stock at a depreciated value 
from one time period to the next. 
12000 - A representative industrial production activity. 
16000 - Per-capita consumption activity. 
16400 - Savings activity. 
16500 - Borrowing activity with a source of funds outside the 
area econony. 
16610 - Transfers capital from bank deposits to general investment 
capital. 
16700 - Transfers unused liquid capital from one time period to 
the next accruing an interest payment. 
Consumptive sUb-sector 
A single activity in each time period is defined to provide for 
consumption by the area residents. The July, 1971 issue of Survey of 
Current Business provides data for 1970 which indicates the total 
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expenditures by the United States population in twelve major consumption 
categories. These twelve are further divided into 67 classes. The 
total per-capita annual consumption expenditures in 1970 was $3,007. 
The total per-capita annual consumption requirement was rounded to 
$3,000 for use in this study. Aggregating the expenditure information 
into classes consistent with those of the commerce sector of the model, 
the annual per-capita consumption requirements are as follows: 
Grocery stores $515 
Restaurants 158 
Furniture and Appliance Stores 165 
Clothing and Department Stores 341 
Variety, Drug and Hardware Stores 217 
Auto, Sales and Service 487 
Building Materials 64 
Medical Service 78 
Financial and Legal Services 83 
Personal Services 82 
Miscellaneous Services 134 
Construction Industry 676 
Total Consumption Expenditures $3,000 
These amounts are expressed as demands on the commerce and industry 
sectors created by each of the 95,672 area residents. 
Accomplishment of Developmental Goals 
In Chapter I a list of ten developmental goals^ were defined. 
The statement was made that "in a developed area all persons should 
enjoy" the ten defined parameters. A discussion of these goals (using 
shortened titles) is presented here describing the method each is 
incorporated into the linear programming model. 
^See Chapter I section titled "Project Definition". 
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Minimum annual per-capita income 
Ail residents are provided an annual per-capita income equal to 
$3,000. This amount has first priority before other investments can 
be made. 
Educational opportunity 
Education was assumed to be provided by the public sector. A 
per-capita expenditure eoual to the state average was considered 
sufficient to provide adequate opportunities. 
Medical care 
A per-capita expenditure equal to the national average was assumed 
to purchase adequate medical care. Medical personnel and establishments 
with a customer base equal to the national average was assumed to 
provide adequate service. 
Adequate housing 
A calculated total expenditure of S18 million was necessary to 
improve all inhabited housing units to meet minimum standards.^ This 
expenditure was required in the model as a minimum restraint. 
Hhese standards were (1) exclusive use of an indoor bathroom by each 
family, (2) exclusive use of an equipped kitchen by each family, (3) hot 
and cold running water in the home, (4) telephone and electric service 
in the home, and (5) adequate heating facilities. 
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Access to community services 
Community facilities and services with a customer base equal to 
the national average was assumed to provide adequate service. 
Outdoor recreation 
The supply of outdoor recreational facilities and services was 
assumed to be adequate due to the unique characteristics of the area. 
Public expenditures equal to the state per-capita average were assumed 
to be sufficient to maintain public recreation facilities. 
Public safety 
The per-capita expenditure in the public sector equal to the state 
average was considered sufficient to provide adequate public safety. 
Public information 
Information from the public sector was assumed to be provided as a 
result of the state per-capita average expenditure requirement. 
Private sector information dissemination was considered as a commercial 
service. 
Worship and government 
The freedom to worship and participate in the processes of government 
were considered beyond the scope of this study. 
Aesthetic community environment 
All productive activities were considered relative to their inherent 
environmental problems. No industrial activities were allowed which 
produced large quantities of air or water pollutants. Cropping patterns 
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which allowed more than four tons annual soil loss were not considered. 
Clear cutting of forest land was not allowed unless a cover crop of 
some type was planted. 
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CHAPTER V. BASE MODEL SOLUTION 
The first solution obtained from the model was a base solution in 
which population was held constant over the three time periods. No 
investments were oroposed other than those required by the activities 
entering the solution. Three restraints were placed on the model to 
provide a more realistic solution. First, half of the liquid capital 
resources were required to be held as "bank deposits." These deposits 
could not be invested but did earn an interest payment. Second, 
livestock production was required to be at least as great as the least 
number of the past ten years. Third, minimum recreation demands were 
set equal to those predicted by the Iowa State University Cooperative 
Extension Service (42). Maximum demands for recreation were set at the 
same amounts plus 10%. 
Base Model Production and Resource Utilization 
Production in each sector will be illustrated and discussed in 
order for each of the three model time periods. 
Agriculture sector 
Agricultural production is summarized in Table 19. It is noted 
that conservation and drainage activities receive an early priority in 
the base solution. Livestock enters the solution at the minimum levels 
with the exception of poultry which trends downward through the three 
time periods. 
Oats and meadow acreage remain constant due to the demands for 
forage created by livestock production. Corn and soybean acreage trends 
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Table 19. Agricultural production of the base model solution 
Time Periods 
Item I II III 
Livestock (annual production) 
Hoqs (head) 62,623 62,623 62,623 
Beef (head) 85,169 85,169 85,169 
Beef Cows (head) 63,294 63,294 63,294 
Dairy Cows (head) 101,922 101,922 101,922 
Poultry (turkey equivalents) 27,090 26,446 26,005 
Rotation Crops (annual production) 
Corn (acres) 544,633 504,210 466,477 
Soybeans (acres) 372,331 346,764 294,175 
Oats (acres) 100,836 100,836 100,836 
Meadow (acres) 201,672 201,672 201,672 
Non-Rotation Crops 
Renovated Permanent 
Pasture (acres) 287,652 287,652 287,652 
Harvest Forest Products (acres) 307,018 162,020 132,636 
Christmas Tree Plantings (acres) 49,775 103,886 110,064 
Clear Cut Forest (acres) 49,775 86,603 87,779 
Conservation Activities 
Conservation I (acres) 
Conservation II (acres) 
Conservation III (acres) 
Land Drainage (acres) 
Land Clearing (acres) 
778,226 0 0 
526,927 0 0 
146,296 0 0 
28,624 0 0 
0 0 0 
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downward as Christmas tree production trends upward. Renovation of 
pastures has a high priority and is accomplished in the first time period. 
The land use pattern for the first time period of the base model is 
summarized in Table 20. The land in disuse of Classes II and III is 
that requiring an investment in drainage (sub-class B). It is noted 
that of the 96,806 acres in land Class II-B only 16,048 is drained. All 
land of Class III-B is unused. Contour cropping (conservation I) is 
accomplished on all land of sub-class C. Strip cropping and terracing 
(conservation II) allov/s a CCOMM rotation on land Class III. 
Land use patterns in the second and third time periods are similar. 
The primary change occurs in (1) the acreage of the corn-soybeans 
rotation on land Class III, and (2) the acreage of Christmas tree 
plantings on land Class VI and VII. 
The resources used for agricultural activities are illustrated in 
Table 21. Comparing the land requirements with the land availability 
indicated in Table 1 of Chapter III it is noted that land disuse increases 
from 120,999 acres in time period I to 392,404 acres in time period III. 
Labor requirements increase over three time periods. The labor intensive 
Christmas tree production activity causes an increase in the labor 
requirements despite the reduction in row crops. Over one third of the 
total labor force is employed in agriculture. 
Capital requirements are large in the first time period due to the 
conservation and drainage activities. In the second and third time 
periods capital usage is reduced by about one third. 
All livestock production takes place in labor intensive activities 
with low capital demands. The limitations created by a capital shortage 
Table 20. Land use of the first time period of base model 
II 
Land Class 
III IV VI VII 
Conservation Activities (acres) 
Drainage (sub-class) 
Conservation I 
Conservation II 
Conservation III 
Crops (acres) 
Corn-Soybeans 
CCOMM rotation 
COMM rotation 
Rotation pasture 
Forest 
Christmas trees 
Total land use (acres) 
Land in disuse (acres) 
12,576 
855 
16,048 
305,533 
526,927 
378,914 
146,296 
92,924 
71,512 526,927 146,223 
353,830 
120,280 
20,177 55,470 68,181 34,966 
7,044 17,110 57,024 43,042 
98,733 599,507 625,288 198,288 
0 80,758 527 0 
19,200 50,408 39,250 
8,416 29,159 145,223 
49,775 
27,616 79,567 234,248 
0 22,285 17,357 
CO 
ro 
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will be discussed in more detail in later sections. 
Industry sector 
Industrial activities were allowed to enter the solution at quantities 
ranging from zero to 400 employee units in the first time period. The 
upper limit was reduced to 200 employee units in the subsequent two time 
periods. This upper limit is set to force industrial diversification. 
Industrial production is illustrated in Table 22 indicating man-year 
units of industrial activity as well as value of product for each of the 
three time periods. It is noted that employment in four industrial 
activities are at the upper limit of 400 units in the first time period. 
The logging activity increases by 200 units in the second time period. 
Resource use in the industrial sector is summarized in Table 23. 
It is noted that an excess amount of capital stock exists in the first 
time period and almost $15 million goes unused. In the second period, 
however, the capital stock is entirely used and in the third time period 
an additional investment of $20 million is required. 
Operating capital in the amount of almost $90 million is required 
for industrial production in the first time period. The requirement 
is increased to over $97 Million in the second and third time periods. 
Commerce sector 
Employment in each of the 15 commercial activities for each of the 
three time periods is indicated in Table 24. Employment remains relatively 
constant over the three time periods for all commercial services except 
those serving agriculture. The trend downward in agricultural supplies 
service employment is greater than in agricultural machinery and equipment 
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Table 21. Resource use in agriculture sector 
Time Periods 
Item I II III 
Labor (man-years) 13,295 13,524 14,562 
Land (acres) 
Capability class I-rv 1,521,786 1,470,652 1,364,474 
Capability class V-VII 341,431 250,544 227,338 
Total (acres) 1,863,217 1,721,196 1,591,812 
Capital (000$) 
Operating capital 256,368 190,300 194,783 
New capital investments 46,000 46,000 45,269 
Table 22. Industrial production of the base model solution 
Time Periods 
II III 
Activity name and code number 
Units of production (man-years) 
Logging 12015 400 600 600 
Paperboard 12026 400 400 400 
Soaps & Cleaners 12036 400 400 400 
Lime 12048 400 400 400 
Metal cans 12049 97 97 97 
Total 1697 1897 1897 
Value of Product (000 $) 
Logging 26,299.2 41,816.4 41,816.4 
Paperboard 55,966.8 55,966.8 55,966.8 
Soaps & Cleaners 88,174.8 88,174.8 88,174.8 
Lime 36,370.8 36,370.8 36,370.8 
Metal cans 13,153.3 13,153.3 13,153.3 
Total $"219,964.9 235,482.1 235,482.1 
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Table 23. Resource use in industrial sector 
Item 
Time Periods 
I II III 
Labor (man-years) 
Caoital (000 S) 
Operating capital 
New Capital investments 
Capital stock in disuse 
1697 
89,613 
0 
14,809 
1897 
97,157 
0 
0 
1897 
97,157 
20,000 
Table 24. Commercial sector employment of the base model solution 
Item 
Time Periods 
I II III 
Activity name and code number. Units in man-vears 
Grocery Stores 13031 1,314 1,311 1,314 
Restaurants 13032 1,817 1,807 1,818 
Furniture & Appliance 13033 594 594 594 
Clothing & Department 13034 1,458 1,456 1,458 
Variety, Drug, & 
Hardware 13035 932 925 932 
Auto, Sales & Service 13036 1,075 1,073 1,076 
Building Materials 13037 172 172 172 
Medical Service 13038 104 104 104 
Financial and Legal 13039 743 743 743 
Personal Services 13040 912 907 913 
Miscellaneous Services 13041 1,370 1,363 1,371 
Transportation Services 13043 47 47 47 
Wholesale Services 13045 48 48 46 • 
Agric. Machinery & 
Equipment 13201 169 169 165 
Agricultural Supplies 13202 768 737 708 
Totals 11,523 11,456 11,461 
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service. This employment trend is consistent with the downward trend of 
corn and soybean production indicated above in the discussion of the 
agriculture sector. However, as also indicated the movement away from 
crops and toward the harvest of forest products maintains relatively a 
stronger demand for agricultural machinery and equipment. 
Resource use by the commercial sector is outlined in Table 25. 
Excess capital stock in the first time period is indicated in the amount 
of $108,000. The capital stock supply is in balance with the demand in 
the second time period and an investment of almost $30 million is 
required in the third time period. 
Table 25. Resource use in commercial sector 
Time Periods 
Item I II III 
Labor (man-years) 11,523 11,456 11,461 
Capital (000 $) 
Operating capital 283,015 280,426 275,838 
New capital investments 0 0 30 
Capital stock in disuse 108 0 0 
Public sector 
Employment in the public sector is 4033 man-years for each of the 
three time periods. Tax payments to support the public sector are 
$50,410,700 per year. 
Recreation sector 
Activity in the recreation sector is summarized in Table 26. Note 
that both camper and non-camper recreation activities enter the solution 
at the upper numerical limits in the first time period but at the lower 
limits in the two subsequent periods. 
Table 26. Recreation sector activities of the base model solution 
Time Periods 
Item (three year totals) I II III 
Camper (visitor nights) 1,205,600 1,156,000 1,213,998 
Non-campers (visitor nights) 301,400 289,000 303,558 
Total expenditures (000 $) 41,426 31,501 41,707 
This trend causes a significant decrease in total expenditures made by 
tourists in the second time period. This decrease is reflected in the 
demands on commercial services indicated in Table 24 above. 
Resource use is summarized in Table 27 for the recreation sector. 
Indirect labor demands are included to indicate the effects of the 
recreation sector on the commercial sector. A capital investment of 
5148,000 is required to increase campground capacity to meet the demands 
of the predicted increase in tourism. 
Consumption sector 
The consumption demand created by the 95,672 persons residing in 
Upper Explorerland is $287,016,000 per year. This demand translates to 
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Table 27. Resource use in recreation sector 
Time Periods 
Item I II III 
Labor (man-years) 20 19 21 
Campground managers 
Indirect (commercial 
employment created) 774 742 781 
Land (acres) 205 205 205 
Capital (000 S) 
Operating capital 301 289 303 
New capital investments 148 0 0 
Table 28. Summary of consumption sector of the base model solution 
Time Periods 
Item I II III 
Income Produced (000 $) 
Agriculture Sector 765,289 744,040 829,065 
Industry Sector 85,383 88,818 88,818 
Commerce Sector 521,301 511,720 508,932 
Public Sector 60,493 60,779 60,709 
Recreation Sector 603 578 607 
Total 1,433,069 1,405,935 1,488,131 
Consumption Demands (000 S) 861,048 861,048 861,048 
Taxation for Public Activities 
(000 $) 151,232 151,232 151,232 
Total Available for Reinvestment 
(000 $) 420,789 393,655 475,851 
83 
3861,048.000 for each of the three-year time periods. The taxation 
requirement to support public activities is 3151,232 for each of the time 
periods. 
Table 28 provides a summary of the net earnings produced by each of 
the five production sectors for the base model. It is noted that 
earnings increase for the agriculture and industry sectors but decrease 
for the commerce sector. The decrease in commercial earnings result 
from a decreasing demand for inputs as row crop production declines over 
the three time periods. 
The total amount available for reinvestment is the most significant 
information provided in Table 28. Although a decline in reinvestment 
monies is indicated in the second time period, the third oeriod indicates 
a significant increase. 
Miscellaneous base model findings 
Table 29 indicates several miscellaneous findings of the base model. 
Tv/o year vocational training enters the solution the first and second 
years. Four year colleae level education is defined at zero for all 
three time periods. 
Table 2°. Miscellaneous findings of the base model soution 
Item I 
Time PerTods 
II III 
Vocational training (man-years) 
College degree (man-years) 
Unemployed workers (man-years) 
Capital borrowed (000 S) 
Welfare transfers (000 $) 
250 
0 
5,162 
1,356,165 
124,038 
4,801 
0 
115,362 
61 
0 
92,358 
0 
0 
3,756 
. 3 
^Capital borrowing not allowed in last time period. 
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Over 5,000 workers are unemployed in the first time period. The 
unemployment rate drops to under 4,000 in the last period. This level of 
unemployment creates a significant demand on welfare transfers. It is 
noted, however, that what appears to be unemployment can more accurately 
be defined as under-employment. Labor resources were defined in terms 
of man-years.^ The model was capable of ascertaining only that a surplus 
of labor was available. Table 28 indicated that total net income was 
in excess of demands for the minimum annual per-capita consumption 
expenditures and taxation requirements. 
A sizeable quantity of capital was borrowed from outside sources in 
the first time period. The model required that all capital borrowed be 
repaid plus interest in the succeeding time period. No borrowing 
activity was allowed in the last time period. 
Objective function value 
As discussed in Chapter II the maximization of the objective function 
is the criterion on which linear programming problems are solved. The 
objective function chosen for the model used in this study was that of 
maximization of additions to investment capital. For the base model the 
net increase in investment capital was $411,679,785. This amount 
represents a 199.3% increase in non-liquid capital resources. 
Solution Analysis 
A linear programming solution provided the optimum plan for 
utilization of the available resources to maximize the objective function. 
^A man-year of labor is defined as 50 forty-hour-weeks of labor. 
Any deviation from the optimal plan must result in a decrease in the 
objective function value. In this study land, labor and capital were 
defined as the primary resources. In the base model solution capital is 
the only resource used to the limit of its' availability. Some quantities 
of land and labor are not used implying a surplus of these two resources. 
Data is provided by the linear programming procedure to further 
analyze the solution. This information is provided by the (1) reduced 
cost, (2) shadow price, (3) range, and (4) trancol analyses. The analysis 
indicates the amount of the reduction in objective function value 
resulting from any given change. A measure of the sensitivity of the 
solution is also provided which indicates the range of resource availa­
bility or activity levels over which this reduction is relevant. 
Capital 
The avilable capital resources are utilized completely in all three 
time periods. Capital borrowing is allowed in the first and second time 
periods. All monies borrowed from outside sources must be repaid at 
5" annual interest in the next time period. This requirement proved to 
be very restrictive for the model. Over $1-1/3 billion was borrowed in 
the first time period. 
The analysis Indicates an increase in the objective function of 
4.7% for capital made available up to $1.4 billion. However, this 
marginal Increase is less than the required interest payment and the 
additional borrowing is not accomplished. 
Capital investments were limited in the model to a maximum of one 
third the original capital stock of each sector per time period. This 
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maximum was not restrictive in the industrial or commercial sector where 
quantities of capital stock were not utilized in the first time period. 
The recreation sector also was not affected by this restraint. The 
agriculture sector was, however, restrained by the limitation. Fifteen 
million dollars was the maximum new investment allowed for agriculture 
buildings in each time period. Investment in agricultural buildings 
would return $14.18 per dollar for an additional $2,292,000 in time period 
one; $9.00 per dollar for an additional $1,567,000 in time period two; and 
$4.37 per dollar for an additional $3,418,000 in the third time period. 
Investments in new agricultural machinery was limited to $31 million 
for each time period. Additional investments would return $2.39 per 
dollar for $3,994,000 and $1.34 per dollar for $1,803,000 for the first 
and second time periods, respectively. Additional investments in 
agricultural machinery in the third time period were not indicated. 
The capital restraints were therefore indicated to be more restrictive 
to the agriculture sector than any other sector. Livestock production in 
particular was restrained by the availability of capital. Livestock was 
produced In all three time periods by the most labor intensive methods. 
The industrial sector was restrained by the availability of capital 
for operating expenses. A number of industrial activities were indicated 
to be profitable and capital stock was available to allow increased 
industrial activity. However, the operating capital was not available 
to cover the expense of purchasing raw materials and hiring labor. 
The capital restraints were not as restrictive in the second and 
third time periods allowing increased industrial employment and revisions 
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in the oattern of agricultural production. 
Labjor 
Labor is available in Uoper Explorerland in excess of employment 
opportunities. As was discussed in a previous section this is more 
realistically a situation of underemployment rather than unemployment. 
Total incomes are sufficient to provide for consumption by all residents. 
The unemployment rate decreases from over 5,000 in the first time period 
to less than 4,000 in the third time period. 
Labor utilization in the first time period is 7,177 with high school 
training, 22,182 with post high school training, and 1,148 with college 
degrees. The surplus labor in each category is 349, 2907, and 1906, 
respectively. 
The base model solution is quite sensitive as regards labor 
utilization. The analysis indicates that increases in labor utilization 
result in decreases in objective function value of only $1.52 and $4.10 
per man-year for high school trained and post high school trained workers, 
respectively. These negative marginal value products are relevant for 
increases in employment up to 7231 high school trained workers and 
22,490 post high school trained workers. The decrease in objective 
function value is much greater for reductions in labor usage. High 
school trained workers cause a reduction of $43.34 per man-year down to 
6^63 workers. Post high school trained workers cause the objective 
function to decrease by $933.47 per man-year down to 21,282 workers. 
College degree workers cause changes in the objective function value 
of -374,311.99 per man-year for increases to 4915 workers and -$254.86 
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per man-year for decreases in worker availability to 1175. These large 
values reflect the greater supply of college degree workers available in 
relation to the demand. 
It is evident that the commerical demands created by the excess labor 
supply largely suppresses the negative effect caused by this excess supply. 
Each unemployed worker creates a direct welfare transfer of $8,010 per 
year which could be utilized for investment purposes. However, the 
cost is reduced to $2,391 per unemployed worker due to the multiplier 
effect. 
Land 
Almost all the Class I through IV land is utilized in time period 
one. Sizable quantities of land needing drainage (sub-class B) is 
unused. The cost of drainage is $200 per acre and crop yields are low 
on undrained land. 
Utilization of land Class II-B would decrease the objective function 
value by $11.79 per acre if increased and $26.30 if decreased from the 
optimum level of 16,048 acres. 
Land of Classes V through VII are utilized for pasture, forest, and 
Christmas tree production. 
Additional land of certain classes are shown to be of high value. 
An additional 16,000 acres of land Class I-A could be utilized at a 
marginal value product of $81.84 per acre. Other land classes which were 
utilized at the upper limit had lower values associated down to $1.52 
per acre for land Class II-D. 
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The analysis indicates that although capital restrictions were quite 
severe in the agriculture sector more land in the better quality classes 
would have provided significant increases in the objective function value. 
In the second and third time periods row crop production declines as 
Christmas tree production increases. This change in land use occurs 
as capital becomes less restrictive in the later time periods. Forest 
products are harvested on a significant amount of the forested land. 
The large amount of forest products harvested in the first time period 
reflect a resource that has been largely neglected in past years. 
Production activities 
Four industrial activities are included in the solution at the upper 
limit of 400 man-year units in the first time period. These activities 
were logging, paperboard manufacture, soaps and cleaners manufacture, 
and limestone production. Further increases in each of these industrial 
activities could provide increases to the objective function value. 
Each additional man-year unit of the logging activity up to a total 
of 403 would provide an increase of $77,864 to the objective function. 
The marginal value product of additional man-year units of paperboard, 
soaps and cleaners, and lime maufacture would provide increases of 
527,584, $37,730, and S5970 up to 496, 498, and 495 man-year units, 
respectively. 
Additional investments in the industrial sector in the second time 
period are suggested only in the logging activity. A marginal value 
product of $36,482 is indicated for an additional 204 man-year units. 
The third time period includes no industrial expansion activities with 
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positive marginal value products. 
The recreation sector presents an interesting situation. In the 
first time period recreation activities are included in the solution at 
the upper limit. The marginal value products are $6.06 for a camper 
visitor-night and $12.47 for a non-camper visitor-night. These values 
are relevant for up to 3,792,708 camper and 1,602,243 non-camper visitor-
nights. However, in subsequent time periods the activities are at 
lower limit levels and the marginal value products are negative. The 
values are -$8.33 and -$17.13 for campers and non-campers in time period 
two. These values are relevant in a range of 447,596 to 1,220,373 visitor-
nights for campers and 0 to 321,199 visitor-nights for non-campers. For 
time period three the values are -$21.02 and -$42.65 for campers and non-
camper tourists. The values are relevant for ranges of 1,149,622 to 
2,065,687 visitor-nights for campers and 271,357 to 729,563 visitor-nights 
for non-campers. 
These values indicate that in the first time period when capital is 
restrictive the low capital requirements of the recreation sector are 
attractive. In later time periods when capital is less restrictive and 
comparative advantage of tourists is diminished until in the last time 
period one visitor-night by a non-camper tourist reduces the objective 
function value by more than $42. 
Summary of Base Model Solution 
Resources are available in Upper Explorerland to provide for the 
achievement of the ten rural development goals as well as an increase 
in Investment capital of 199%. The agriculture sector provides the 
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orimary basis for area development. Fifty-four percent of the net 
income produced by the area is derived from the agriculture sector. 
Harvesting forest products and raising Christmas trees is indicated 
to be of high value to area development. Northeast Iowa could possibly 
become a major Christmas tree producing area in the United States. The 
close proximity of urban areas, the excess supply of labor, and the soil 
resources and topography combine to make Christmas tree production an 
attractive alternative. 
With over $14 million of capital stock in disuse in the first time 
period, the industrial sector is in need of additional operating capital. 
Almost twenty-three percent of the original capital stock is not used in 
the first time period. This capital stock, if utilized, would employ 
approximately 400 more workers and Increase net income from the industrial 
sector by over $2 million in each time period. 
Promotion of recreational activities in Upper Explorerland appears 
to be unwarranted at the present state of development. The resources 
required, although not in large quantities, are indicated to accomplish the 
developmental goals more efficiently if invested in other activities. 
Capital resource availability provides an interesting situation in 
Upper Explorerland. Numerous investment possibilities are present 
in the economy which have positive net profits when calculated on a cost-
return basis. The additions to investment capital are small for these 
possibilities, however, the solution analysis indicates that the next 
incremental quantity of capital made available would increase investment 
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capital by 4.7%.^ 
All capital borrowing is accomplished in the first time period 
indicating the need for significant quantities of capital early in the 
developmental time frame. 
Significant quantities of labor are not utilized due to the lack of 
productive activities as discussed above. Some of the land resources 
and capital stock resources are likewise placed in disuse. 
In conclusion the base model indicates that marginal additions to 
the objective function are costly in terms of resource use. The Upper 
Explorerland area is over-populated and under-capitalized. 
\ dollar added to the economy would raise the objective function 
value by 4.7(. 
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CHAPTER VI. REVISED MODEL SOLUTIONS 
Five solutions were obtained from the model reflecting revisions 
of the base model assumptions. The revisions tested were:^ 
1. Continuation of past population trends 
2. Reversal of past population trends 
3. A large recreation complex financed by local monies 
4. A large recreation complex financed by outside monies 
5. A large tax financed investment. 
All other assumptions were consistent with the base model. 
Solutions for revised models one through three are summarized in 
Tables 30 through 32. Resource use for all five revised models is 
summarized in Table 33 and 34. A brief discussion of each revised model 
is presented as a comparison with the base model solution.^ 
Revised Model One 
Current trends in the population of Upper Explorerland indicate a 
.5% annual decrease. The first revision of the base model included a 
continuation of this trend. An annual decrease of 177 workers and 473 
total population was programmed. 
Tables 30, 33, and 34 summarize the solution and resource utilization. 
It is noted that production and employment decline as compared to the 
base model solution. Unemployment is in fact increased in the first and 
^Suggestions for these revisions were provided by the RC&D Executive 
Board. 
^See Tables 19-29 in Chapter V. 
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third time periods. 
The reason for this decline in productivity and employment is that 
almost $4 million of investment capital leaves the area as the population 
declines. In à capital deficient area this loss of monies is more 
detrimental than the loss of labor. 
The agriculture sector sustains the least reduction and the industry 
sector the most. The objective function value is decreased by almost 
$11 million dollars to $400,896,631. 
Revised Model Two 
Observation of revised model one and its' effect on production and 
employment created an interest to test a reversal in current population 
trends. Revised model two, programs an increase in work force of 177 
and in total population of 473 per year. In this instance an addition to 
capital supply in the amount of $3,922,460 was included. See Tables 31, 
33, and 34 for a solution summary. 
The industry sector displays the most significant change as 
employment is increased by more than 1000 man-years in each time period. 
This increase in Industrial activity was due to the availability of 
capital for operating costs and allowed a more complete use of the 
existing capital stock. 
The commerce and public sectors reflect the increases in population. 
Agricultural production changes are largely in the forest and Christmas 
tree activities. Both activities display sizable increases from the 
base model solution. 
Table 30. Summary of revision number one 
Item 
SgFfcFl We~Se~c tor — 
Livestock (annual production) 
Hogs (head) 
Beef (head) 
Beef cows (head) 
Dairy cows (head) 
Poultry (turkey equivalents) 
Rotation crops (annual production) 
Corn (acres) 
Soybeans (acres) 
Oats (acres) 
Meadow (acres) 
Non-Rotation crops 
Renovated Permanent Pasture (acres) 
Harvest Forest Products (acres) 
Christmas Tree Plantings (acres) 
Clear Cut Forest (acres) 
Conservation Activities 
Conservation I (acres) 
Conservation II (acres) 
Conservation III (acres) 
Land Drainage (acres) 
Land Clearing (acres) 
Industry Sector 
Units of Production (man-years) 
Logging 
Paperboard 
Soaps and Cleaners 
Total 
Time Period 
I II III 
62.623 
85,169 
63,294 
101,922 
27,090 
544,633 
372,331 
100,836 
201,672 
287,652 
307.018 
49,775 
49,775 
778,226 
526,853 
146,296 
28.624 
0 
400 
400 
400 
T2SÔ 
62,623 
85.169 
63.294 
101,922 
26,446 
499,955 
329,647 
100,836 
201,672 
287,652 
162,020 
101,453 
84.170 
0 
0 
0 
0 
0 
600 
400 
400 
vm 
62,623 
85,169 
63,294 
101,922 
26,922 
423,682 
251,380 
100,836 
201,672 
287,652 
132,636 
102,497 
80,212 
0 
0 
0 
0 
0 
616 
400 
400 
T5T6 
Value of Product (000 $) 
Logging 
Paperboard 
Soaps and Cleaners 
Total 
Commerce Sector 
Units (man-years) 
Grocery Stores 
Restaurants 
Furniture and Appliance 
Clothing and Department 
Variety, Drug, and Hardware 
Auto, Sales, and Service 
Building Materials 
Medical Service 
Financial and Legal 
Personal Services 
Miscellaneous Services 
Transportation Services 
Wholesale Services 
Agriculture Machinery and Equipment 
Agricultural Supplies 
Totals 
Public Sector 
Employment 
Annual Tax Collections (000 $) 
Recreation Sector (annual data) 
Campers (visitor nights) 
Non-campers (visitor nights) 
Total expenditures (000 $) 
26,299.2 
55,966.8 
88,174.8 
$170,440.8 
41,816.4 
55,966.8 
88,174.8 
$185,958.0 
43,033.2 
55,966.8 
88,174.8 
$187,174.8 
1295 
1793 
586 
1436 
919 
1060 
170 
103 
732 
901 
1352 
23 
45 
169 
768 
11,352 
1274 
1760 
500 
1414 
879 
1043 
167 
101 
721 
884 
1327 
23 
45 
169 
731 
11,038 
1259 
1747 
492 
1393 
870 
1030 
164 
99 
710 
878 
1318 
23 
43 
160 
696 
9,882 
3973 
49,663 
3930 
49,125 
3865 
48,313 
1,205,600 
301,400 
41,426 
1,156,000 
289,000 
31,501 
1,213,998 
303,558 
41,707 
Table 31. Sumary of revision number two soluti 
Item 
SqrTWrtWTecTo'r 
Livestock (annual production) 
Hoqs (head) 
Beef (head) 
Beef cows (head) 
Dairy cows (head) 
Poultry (turkey equivalents) 
Rotation crops (annual production) 
Corn (acres) 
Soybeans (acres) 
Oats (acres) 
Meadow (acres) 
Non-Rotation crops 
Renovated Permanent Pasture (acres) 
Harvest Forest Products (acres) 
Christmas Tree Plaintings (acres) 
Clear Cut Forest (acres) 
Conservation Activities 
Conservation I (acres) 
Conservation II (acres) 
Conservation III (acres) 
Land Drainage (acres) 
Land Clearing (acres) 
Industry Sector 
Units of Production (man-years) 
Logging 
Paperboard 
Soaps and Cleaners 
Paint 
Lime 
Metal Cans 
"Time Period 
I m 
62.623 
35,169 
63,294 
101,922 
27,090 
544,633 
372,331 
100,836 
201,672 
287,652 
307,018 
49,775 
49,775 
778,226 
526,853 
146,296 
28.624 
0 
62,623 
85.169 
63,294 
101,922 
26,446 
500,229 
327,927 
100,836 
201,672 
287,652 
222,848 
101,453 
84.170 
0 
0 
0 
0 
0 
62,623 
85,169 
63,294 
101,922 
26,005 
469,487 
297,185 
100,836 
201,672 
287,652 
102,850 
142,283 
119,998 
0 
0 
0 
0 
0 
400 
400 
400 
400 
400 
400 
600 
400 
400 
400 
400 
400 
800 
400 
400 
400 
400 
400 
storage Batteries 
total 
Value of Production (000 $) 
Logging 
Paperboard 
Soaps and Cleaners 
Paint 
Lime 
Metal Cans 
Storage Batteries 
Total 
Commerce Sector 
Units (man-years) 
Grocery Stores 
Restaurants 
Furniture and Appliance 
Clothing and Department 
Variety, Drug, and Hardware 
Auto, Sales and Service 
Building Materials 
Medical Service 
Financial and legal 
Personal Service 
Miscellaneous Services 
Transportation Services 
Wholesale Services 
Agriculture Machinery and Equipment 
Agricultural Supplies 
Total 
Public Sector 
Employment 
Annual Tax Collection (000 $) 
Recreation Sector (annual data) 
Campers (visitor nights) 
Non-campers (visitor nights) 
Total Expenditures (000 %) 
332 332 332 
2732 2932 3132 
26,299.2 41,816.4 57,333.6 
55,966.8 55,966.8 55,966.8 
88,174.8 88,174.8 88,174.8 
55.698.0 55,698.0 55,698.0 
36,370.8 36,370.8 36,370.0 
59,044.8 59,044.8 59,044.8 
34,954.7 34,954.7 34,954.7 
355,509.1 382,026.3 397,543.5 
1339 1360 1339 
1848 1871 1914 
559 566 591 
1486 1514 1544 
934 938 972 
1096 1114 1137 
176 179 183 
106 108 110 
258 773 788 
928 939 961 
1394 1410 1443 
58 58 58 
59 60 61 
169 169 169 
768 735 710 
11,778 11,794 12,030 
4111 4214 4289 
51,388 52,675 53,613 
1,205,600 1,156,000 1,213,998 
301,400 289,000 303,558 
41,426 31,501 41,707 
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Employment is higher and unemployment reduced by approximately 500 
in each time period. The objective function value for the increased 
population model is $416,030,423 reflecting an increase of almost 
$5 million. 
Revised Model Three 
The third revision of the base model involves an increase in 
recreation demands resulting from an investment of $3 million to build 
a recreation complex as proposed by Midwest Research Institute (35). 
Capital to finance the recreation complex is provided from local sources. 
See Tables 32, 33, and 34 for a solution summary. 
Demands for recreation activities are increased significantly. 
Commercial activities increase as tourist demands increase. Agricultural 
and industrial activities enter the solution at decreased levels as 
the limited capital is required by the recreation sector. 
The objective function value for revised model three is $374,693,220. 
This amount is a reduction of almost $37 million from the base model 
solution. 
Revised Model Four 
Revised model four considers the same recreation complex financed 
by outside sources. The solution values are identical to those of 
revised model three as summarized in Tables 32, 33, and 34. The 
objective function value is $375,992,384 a reduction of almost $36 million 
from the base model solution. 
Table 3?.. Summary of revision number three 
Item 
ff^ f(ruTtu r¥TpcYo"r 
Livestock (annual production) 
Hoqs (head) 
Beef (head) 
Beef cows (head) 
Dairy cows (head) 
Poultry (turkey equivalents) 
Rotation crops (annual production) 
Corn (acres) 
Soybeans (acres) 
Oats (acres) 
Meadow (acres) 
Non-Rotation crops 
Renovated Permanent Pasture (acres) 
Harvest Forest Products (acres) 
Christmas Tree Platings (acres) 
Clear Cut Forest (acres) 
Conservation Activities 
Conservation I (acres) 
Conservation II (acres) 
Conservation III (acres) 
Land Drainage (acres) 
Land Clearing (acres) 
Industry Sector 
Units of Production (man-years 
Logging 
Paperboard 
Soaps and Cleaners 
Limestone 
Total 
I 
[2,624 
85,169 
63.294 
im ,922 
27.091 
544,633 
372,331 
100,836 
201,672 
287.65? 
306,984 
49,776 
49,776 
779,226 
526,363 
146,296 
28,655 
0 
400 
400 
400 
188 
T388 
Time Period 
II III 
62,624 
^5,169 
63.294 
101,922 
26,446 
500,348 
331,221 
100,836 
201,672 
287,652 
229,812 
101,454 
84,171 
0 
0 
0 
0 
0 
62,624 
85,169 
63,294 
101,922 
26,006 
432,513 
259,211 
100,336 
201,672 
287,652 
132,636 
112,461 
90,176 
0 
0 
0 
0 
0 
600 
400 
400 
188 
T588 
615 
400 
400 
188 
1603 
Value of Production (000 $) 
Logging 
Paperboard 
Soaps and Cleaners 
Limestone 
Total 
Commerce Sector 
Units (man-years) 
Grocery Stores 
Restaurants 
Furniture and Appliance 
Clothing and Department 
Variety, Drug, and Hardware 
Auto, Sales, and Service 
Building Materials 
Medical Service 
Financial and Legal 
Personal Services 
Miscellaneous Services 
Transportation Services 
Wholesale Services 
Agriculture Machinery and Equipment 
Agricultural Supplies 
Total 
Public Sector 
Employment 
Annual Tax Collections (ODD $) 
Recreation Sector (annual data) 
Campers 
Non-campers (visitor nights) 
Total expenditures (000 $) 
26,299.2 
55,966.8 
88,174.8 
17,124.7 
$187,565.5 
41,816.4 
55,966.8 
88,174.8 
17,124.8 
5203,082.8 
43,015.9 
55,966.8 
88,174.8 
17,124.8 
$204,282.3 
1325 
1852 
594 
1462 
943 
1085 
172 
104 
743 
932 
1398 
33 
46 
169 
768 
11,626 
1343 
1907 
594 
1468 
937 
1100 
172 
104 
743 
962 
1441 
33 
46 
169 
708 
11,727 
1368 
1983 
594 
1477 
962 
1121 
172 
104 
743 
1003 
1501 
33 
45 
148 
681 
11,935 
4033 
50,411 
4033 
50,411 
4033 
50,411 
1,393,700 
348,700 
48,933 
1,683,000 
421,000 
58,066 
2,082,000 
521,000 
73,102 
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Table 33. Labor requirements for revised models 
Revised model number and Time Periods 
economic sector I II III 
Revised Model 1 
Agriculture 13,295 13,494 14,321 
Industry 1,200 1,400 1,416 
Commerce 11,352 11,038 9,882 
Public 3,973 3,930 3,865 
Recreation 20 19 21 
Total employment 29,740 29,881 29,505 
Revised Model 2 
Agriculture 13,091 13,213 14,344 
Industry 2,732 2,932 3,132 
Commerce 11,778 11,794 12,030 
Public 4,111 4,214 4,289 
Recreation 20 20 21 
Total employment 31,732 32,163 33,816 
Revised Model 3 
Agriculture 13,295 13,498 14,363 
Industry 1,388 1,588 1,603 
Commerce 11,626 11,727 11,935 
Public 4,033 4,033 4,033 
Recreation 24 29 35 
Total employment 30,366 30,675 31,969 
Revised Model 4 
Agriculture 13,295 13,498 14,363 
Industry 1,388 1,588 1,603 
Commerce 11,624 11,755 11,935 
Public 4,033 4,033 4,033 
Recreation 24 29 35 
Total employment 30,564 30,973 31,979 
'vised Model 5 
Agriculture 13,295 13,524 14,592 
Industry 1,697 1,897 1,897 
Commerce 11,423 11,459 11,458 
Public 4,033 4,033 4,033 
Recreation 20 20 21 
Total employment 30,468 30,933 32,001 
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Table 34. Land and capital requirements of revised models 
Revised model number and Time Periods 
resource I II III 
Revised Model 1 
Land class I-IV (acres) 1,521,786 1,436,268 1,279,784 
Land class V-VII (acres) 341,431 308,939 229,771 
Capital borrowed (000$) 1,347,030 0 0 
Revised Model 2 
Land class I-IV (acres) 1,492,000 1,403,192 1,341,703 
Land class V-VII (acres) 341,431 338,725 259,557 
Capital borrowed (000$) 1,355,379 0 0 
Revised Model 3 
Land class I-IV (acres) 1,521,785 1,439,568 1,295,546 
Land class V-VII (acres) 341,399 308,905 229,736 
Capital borrowed (OOOS) 1,367,167 0 0 
Revised Model 4 
Land class I-IV (acres) 1,521,786 1,439,568 1,295,546 
Land class V-VII (acres) 341,399 308,905 229,736 
Capital borrowed (000$) 1,365,032 0 0 
Revised Model 5 
Land class I-IV (acres) 1,521,786 1,470,750 1,365,374 
Land class V-VII (acres) 341,430 279,703 227,237 
Capital borrowed (000$) 1,357,321 0 0 
no 
Revised Model Five 
An expenditure of $2 million is programmed in revised model five 
to be financed by tax collections. Tax payments are inemsed by 
$259,000 per year to amortize the investment in the nine years of the 
model. 
The production activities of the revised model five solution are 
identical to the base model solution. The objective function value 
is $409,406,113 a decrease of $2,273,672. 
» 
Summary 
The five revisions tested by the model indicate a stable economy as 
projected by the base model solution in Upper Explorerland. Further 
evidence is provided of the disutility of the recreation sector in 
achieving the goals of rural development. The primary positive impact 
of increasing the numbers of tourists is expressed in the commerce 
sector. 
The Industry sector is most volatile in response to capital and 
labor resource changes. The agriculture sector is relatively stable. 
Tables 33 and 34 summarize the resource utilization of the five revised 
models. 
Increasing population in conjunction with increasing capital 
availability of revised model 2 indicates the highest total employment 
and largest Increase in investment capital. This solution reemphasizes 
the effect of the capital shortage in Upper Explorerland. 
m 
CHAPTER VII. SERVICE CENTER AUXILIARY MODEL 
A major concern in rural communities involves the declining availa­
bility of commercial services. Reductions in rural area population 
combined with improved transportation has created increasing financial 
pressure on rural commercial establishments. In most instances 
significant amounts of capital have been invested in buildings and 
equipment which have little or no resale value due to the declining 
demand on commercial services in small rural communities. In many 
cases the proprietor's best strategy is to maintain his business as 
long as short-run returns are greater than short-run costs. This 
strategy allows the capital investments to be depreciated, high cost 
services discontinued, and prices increased to some point just short of 
driving away his customers. 
Strategy of this type creates for the consumer a less attractive 
place to shop, fewer services, and higher costs. The consumer reaction 
is to conduct a greater portion of his business in more distant but also 
more attractive shopping centers. 
A possible solution to this problem is to move toward a more 
systematic plan for the location of rural commercial services. Such 
a system was designed as an auxiliary model to that in previous chapters. 
The basic assumptions are (1) a consumer will conduct his business at the 
commercial establishment closest to his residence if adequate service is 
provided, and (2) an adequate service will be provided if a certain 
minimum number of customers use the commercial service. 
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The Service Center Model 
A computer program was designed to allocate the existing population 
in the five county area, plus an area measuring ten miles surrounding the 
five counties, to the potential service centers. The shortest 
rectangular distance was utilized as the choice indicator. 
To facilitate the solution of this model each potential service 
center was assigned a coordinate set of numbers relating the position 
of the town In the area. A point ten miles west and ten miles north of 
the northwest corner of the five-county area was selected as the base 
point having coordinates 0,0. 
The spaclal distribution of the existing population was also defined 
by one mile square elements and assigned a respective coordinate set of 
numbers. The number of active farmsteads for each one mile square 
element was also determined. 
"I 
The service center model individually selected the elements, and 
by calculating the absolute difference in the element coordinates and 
the coordinates of each potential service center ascertained which center 
was located the least distance from the element in question. The element 
was then allocated to this least distance service center. Similarly, in 
turn, all elements were allocated to a service center. 
The second assumption is then considered by ranking all service 
centers in order according to the number of population assigned to each. 
At the completion of this step the service center with the least number 
^See Appendix C for a complete listing of the service center model 
written In PL-1 programming language. 
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of customers was compared to the minimum population required for the 
particular model run. If this service center had a total population 
assigned to it which was less than the required number the service center 
was eliminated. All those elements assigned to the eliminated service 
center were reallocated to other service centers as above. This process 
continued until the allocation of population to each center was more 
than the minimum required number. A print-out of the solution was 
provided which indicated (1) all service centers in the solution, 
(2) the total number of population allocated to each, (3) the distance 
traveled from each element, and (4) a total distance traveled,^ 
Any number of solutions can be obtained using various minimum 
population requirements. 
Data Preparation 
Potential service centers were defined as towns or cities having 
150 population or more as reported in the 1970 Census of Population (47). 
There are 80 service centers identified, 42 within the five-county area 
and 38 outside the boundaries. Each potential service center was given 
a code number and a coordinate number set. This coordinate set and 1970 
population is indicated in Table 35 for all service centers in the five-
county area. In cases where the city covered more than one square mile 
1 
^ The total distance traveled was calculated by the equation 
0 °i5l ^i ''i 
Where: D= total distance traveled 
"i= distance from element 1 to the service center to which 
it was assigned 
P^= population of element 
n« total number of elements. 
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Table 35. Potential service centers 
Code Number^ 1970 Population Coordinates 
lAHOOl 185 11,20 
IAH002 3,927 19,33 
IAH003 601 28,16 
lAHOOA 497 14,24 
IAH005 333 30,34 
IAH006 877 20,11 
lAWIOl 933 33,45 
IAWI02 210 37,55 
IAWI03 7,458 24,49 
IAWI04 339 35,42 
IAWI05 847 35,50 
IAWI06 218 25,39 
IAWI07 361 31,41 
lAFAOl 481 62,55 
IAFA02 583 45,56 
IAFA03 613 48,57 
IAFA04 1,947 56,49 
IAFA05 529 49,41 
IAFA06 503 61,45 
IAFA07 7,735 67.43 
IAFA08 194 41,42 
IAFA09 237 56,56 
lAFAlO 357 41,37 
lAFAll 2,624 48,48 
lAALOl 227 31,82 
IAAL02 1,218 20,78 
IAAL03 644 11,75 
IAAL04 1,546 39,61 
IAAL05 158 31,74 
IAAL06 3,883 26,65 
lACLOl 786 69,69 
IACL02 1,592^ 55,69 
IACL03 235b 63,76 
IACL04 232 48,71 
IACL05 634 54,77 
IACL06 2,177 60,84 
IACL07 225 41,66 
IACL08 509 42.80 
IACL09 990 44,80 
lACLlO 1,395 42,70 
lACLll 1,281 67,62 
IACL12 305 59,62 
®The first two digits reflect the state code, the second two digits 
reflect the county and the last two the town number. 
Two contiguous towns are included for this service center. 
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the coordinates given are the location of the main shopping area of the 
town. Four cities outside the ten mile perimeter were also included due 
to their proximity to the area and possible effect on commercial trade 
areas. The location of all potential service centers is Indicated on 
Map 2. 
Population data for the elements was more difficult to construct. 
The 1970 Census of Population (47) provides population figures for 
townships and towns. By subtracting town population from that of 
townships a figure for rural population is derived. It was assumed 
that the rural non-farm population amounted to ten percent of the town 
and city population and further that they resided within one mile of 
the town or city.^ It was further assumed that these rural non-farm 
residents were evenly distributed in the eight square miles immediately 
surrounding each town or city. 
The 1969 Census of Agriculture (46) relates the number of farms in 
each county of the state. Maps obtained from the Iowa State Highway 
Commission contained the locations of all farmsteads of each county. 
These maps, however, were obviously not up to date as to an indication 
of the active status of each farmstead. Farmsteads for each square mile 
were counted and summed for each county in the five-county area as 
indicated in Table 36. A calculation was made of the percent of the 
Vhe census was of little assistance in making a more accurate 
assessment since rural population is defined as all persons not residing 
in urban places of over 2500 population. However, the ten percent 
assumption did not appear to be at great variance from reality. 
Map 2. Location of Possible Service Centers 
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farmsteads in each county which were active. 
Table 36. Percent of active farmsteads in the counties of Upper 
Explorerland 
County Farmstead Count Number of Active 
Farmsteads 
Percent 
Active 
Allamakee 1905 1439 m 
Clayton 2559 2100 m 
Fayette 2701 2044 75% 
Howard 1519 1270 m 
Winneshiek 2583 2015 78% 
This percentage was applied to the farmstead count for each square mile 
element to determine the estimated number of active farmsteads in each 
element. The number of active farmsteads was similarly calcuated for 
each township. By dividing the total rural farm population in each 
township by the estimated number of active farmsteads in the township 
an estimate of the average population per farmstead was obtained. This 
average multiplied by the estimated number of active farmsteads per 
element resulted in an estimate of the number of persons residing in 
each square mile element. 
For the ten mile perimeter area the method was similar to that used 
in the five-county area with the exception that the number of farmsteads 
in an element was calculated by dividing the total number of farms in a 
county, as indicated by the 1969 Census of Agriculture (46), by the total 
number of square mile elements in that county and assuming that farm 
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numbers were evenly distributed among the elements. 
Figure 4 indicates with a hypothetical example how the population 
was calculated in (1) rural elements, (2) an element containing a town, 
and (3) the eight elements fnmediately surrounding the town. The total 
population estimate for each sample element is indicated in Table 37. 
Table 37. Spacial population distribution* 
Element Total Population 
1.1 
1 , 2  
1.3 
1.4 
1.5 
2.1 
2.2 
2.3 
2.4 
2.5 
3.1 
3.2 
3.3 
3.4 
3.5 
4.1 
4.2 
4.3 
4.4 
4.5 
5.1 
5.2 
5.3 
5.4 
5.5 
500.0 
11.1 
3.2 
7.3 
10.8 
8.9 
11.5 
4.6 
4.2 
3.4 
4.6 
7.3 
5.2 
3.5 
4.6 
2.9 
4.5 
1.9 
4.5 
8.5 
13.6 
11.5 
3.4 
6.4 
10.0 
^Source: Example data of Figure 4 
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1 2 3 4 5 
3.5 4.6 2.9 4.5 1.9 
4.5 2.3 7.4 5.3 3.4 
6.2 6.2 6.2 
6.4 3.8 4.9 3.2 
6.2 500 6.2 
7.3 4.6 2.7 5.3 4.6 
6.2 6.2 6.2 
4.2 3.4 4.6 7.3 5.2 
Figure 4. Example of special population distribution® 
^Number in top line is rural-farm population, that in second line 
IS non-farm population. A town of 500 population is located in 
coordinates 3,3. 
Table 33. Total population served by service centers 
Service 
Center 
Code No. 
Model With Minimum Population Requirements of: 
500 1200 IROO 2400 3000 3600 4200 4800 6600 15000 20000 
lAHOOl 858 * 
IAH002 6050 6050 6264 6402 5472 8743 9139 10557 10557 22070 
IAHn03 1935 1935 2107 3141 3538 4103 * 
IAH004 1445 1938 2964 2964 * 
IAH005 1661 1691 2429 2481 * 
IAH006 2174 2235 2808 2808 3093 * 
lAWIOl 1751 1838 1901 3276 5397 5828 6822 7056 7056 * 
IAWI02 1371 1371 * 
IAWI03 10429 10429 10738 10788 11243 11299 11310 11310 11310 21341 
IAWI04 1005 1727 1817 * 
IAWI05 1917 1934 2740 2740 * 
IAWI06 1131 1221 * 
IAWI07 752 * 
lAFAOl 1322 1513 1925 * 
IAFA02 1343 1354 * 
IAFA03 1333 1523 2731 2707 
IAFA04 2850 3281 2946 3517 4333 4931 4931 4931 * 
IAFA05 1574 1635 * 
IAFA06 1894 1894 1929 2649 * 
IAFA07 8939 9029 9034 9173 12614 13769 13769 13769 17418 21582 
IAFA08 1067 * 
IAFA09 744 * 
lAFAlO 1188 1739 2785 3329 3975 3671 * 
lAFAll 3546 3807 5010 5039 6113 6802 7318 7318 10335 17718 
lAALOl 667 * 
IAAL02 1989 2072 3787 4144 4192 5194 IAAL03 1308 1303 * 
IAAL04 2549 2805 3534 3395 5428 4675 
IAAL05 1466 1978 1961 * 
IAAL06 6286 6306 6361 7100 7100 7371 lACLOl 1842 1842 2124 * 
IACLP2 2587 2883 3387 4685 5205 5211 IACL03 1344 1344 * 
IACL04 1402 1454 * 
IACL05 1489 1489 1845 * 
IACL06 3071 3128 3308 3660 4491 4582 IACL07 983 * 
IACL08 881 * 
IACL09 1379 2134 2207 2634 * 
lACLlO 2326 3068 3669 4413 4418 4308 lACLll 2140 2651 2641 3732 4269 5986 IACL12 874 * 
Total 
Population 
Served 92562 92606 94962 94775 93881 96473 
* Service center eliminated from solution 
5281 5302 * 
4675 7205 2338 * 
7406 7718 11414 21024 23549 
5211 6695 7362 * 
4582 * 
4308 * 
5986 5986 6706 * 
90738 87747 89496 103735 123611 
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Model Solutions 
Eleven model solutions were obtained using various minimum customer 
requirements ranging from 500 to 20,000. Table 38 indicates the service 
centers of Upper Explorer!and and their respective customer totals for 
each solution. Table 39 indicates the number of service centers included 
in each solution both in the five-county area and in the entire area 
considered plus the total miles traveled for each solution. 
Information is also obtained from the solutions regarding the 
maximum distance residents must travel to obtain commercial services. 
Table 40 indicates for each service center of Upper Explorerland the 
maximum travel distance for each minimum population requirement. 
Table 41 indicates the average of the maximum travel distance for each 
solution as well as the overall average distance traveled by all 
residents. 
Table 39. Service center model solution summary 
MTnimum PoWlitTdns Service Center in Solution Total Miles 
Total Area Upper Explorerland Traveled" 
500 31 42 393,046 
1,200 67 34 437,675 
1,800 54 27 529,480 
2,400 43 22 630,952 
3,000 33 16 759,348 
3,f.on 29 15 813,915 
4,200 26 13 893,463 
4,300 23 n 1,013,485 
6,600 13 9 1.275,237 
15,000 9 5 1,931,092 
20,000 7 4 2,564,189 
^Sum of distance from element to service center multiplied by 
population of element for total area of study. 
Table 40. Maximum travel distance 
Service Minimum Population Requirements 
Center 
Code 500 1200 1800 2400 3000 3600 4200 4800 6600 15000 20000 
Distance in Miles 
lAHOOl 10 * 
IAH002 13 13 13 13 15 16 19 23 23 41 44 
IAH003 12 12 12 12 15 15 * 
IAH004 11 11 16 16 * 
IAH005 11 n 11 11 * 
IAH006 9 10 11 12 14 * 
lAWIOl 7 8 8 10 13 15 15 16 16 * 
IAWI02 10 10 * 
IAWI03 14 14 14 14 14 15 16 16 16 31 32 
IAWI04 6 7 10 * 
IAWI05 8 8 11 11 * 
IAMI06 9 9 * 
IAWI07 5 * 
lAFAGl 7 10 10 * 
IAFA02 8 8 * 
IAFA03 9 9 10 10 * 
IAFA04 7 10 10 11 13 13 13 13 * 
IAFA05 8 8 * 
IAFA06 9 9 9 11 * 
IAFA07 8 8 8 11 15 21 21 21 21 23 35 
IAFA08 6 * 
IAFA09 7 * 
lAFAlO 7 8 10 11 14 15 * 
lAFAll 7 9 10 10 13 14 15 15 16 24 * 
lAALOl 9 * 
IAAL02 11 13 21 21 21 21 21 21 * 
IAAL03 11 11 * 
IAAL04 9 9 11 n 13 13 13 17 17 * 
IAAL05 9 12 12 * 
IAAL06 14 14 14 14 14 16 16 17 25 34 34 
lACLOl 8 8 11 * 
IACL02 9 10 10 11 13 14 14 19 20 * . 
IACL03 7 7 * 
IACL04 8 9 * 
IACL05 7 7 11 * 
IACL06 9 9 9 12 13 13 13 * 
IACL07 8 * 
IACL08 8 * 
IACL09 7 9 9 14 * 
lACLlO 8 . 10 10 14 14 15 15 * 
lACLll 8 10 10 12 12 21 21 21 21 * 
IACL12 8 * 
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Locations of Specific Commercial Services 
To illustrate the usage of information provided by the service 
center model a number of retail commercial services were selected from 
the standard industrial classification (S.I.C.) codes. In general 
three digit codes were chosen with a few two and four digit classes when 
they appeared to offer more specificity. 
The county Business Patterns (48) indicates the number of establish­
ments in each class for the United States in total, Iowa, and individual 
counties. By dividing the total population of the relevant area by the 
number of establishments of a certain classification in that area an 
Table 41. Average distances traveled 
Minimum Population Average Overall Average of Maximum 
Requirement Distance Traveled Distance Traveled 
Miles Miles 
500 1.25 8.71 
1,200 1.40 9.71 
1,800 1.69 11.15 
2,400 2.01 12.36 
3,000 2.42 14.13 
3,600 2.60 15.80 
4,200 2.85 16.31 
4,800 3.23 18.09 
6,600 4.07 19.44 
15,000 6.16 30.60 
20,000 8.18 36.25 
average number of population served by each establishment is obtained. 
Table 42 relates this Information for the United States and the state 
Table ^2. Number of retail businesses and average population per establishment 
United States® Iowa 
SIC Population Population 
Commercial Services Code Number Per Unit Number Per Unit 
Lumber and Other Building Materials 521 21,903 9,278 698 4,046 
Plumbing & Heating Equipment Dealers 522 2,652 76,625 113 24,994 
Paint, Glass & Wallpaper Stores 523 7,135 28,481 161 17,543 
Hardv/are Stores 5251 17,312 11,738 593 4,763 
Farm Eouipment Dealers 5252 12,560 16,179 800 3,530 
Department Stores 531 4,636 43,833 94 30,047 
Variety Stores 533 14,439 14,074 371 7,613 
Direct Selling Organizations 535 7,151 28,417 101 27,964 
Misc. General Merchandise Stores 539 25,032 8,118 475 5,946 
Grocery Stores 541 92,451 2,198 1,651 1,711 
Meat and Fish (Sea Food) Markets 542 9,367 21,694 76 37,163 
Bakery 546 12,402 16,385 158 17,876 
Mew and Used Car Dealers 551 31,067 6,541 826 3,419 
Used Car Dealers 552 9,934 20,456 128 22,065 
Tire, Battery, and Accessory Dealers 553 20,020 10,150 300 9,415 
Gasoline Service Stations 554 146,616 1,386 2,937 962 
Miscellaneous Automotive Dealers 559 10,405 19,530 141 20,031 
Men's & Boys' Clothing & Furnishings 561 15,669 12,969 345 8,187 
Women's Ready To Wear Stores 562 26,601 7,639 386 7,317 
Women's Accessory & Speciality Stores 563 6,333 32,088 80 35,305 
Family Clothing Stores 565 9,442 21,422 96 29,421 
Shoe Stores 566 20,262 10,029 353 8,002 
Custom Tailors 567 1,126 180,471 
Miscellaneous Apparel & Accessories 569 650 312,631 
Furniture & Home Furnishings 571 37,905 5,361 546 5,173 
Household Appliance Stores 572 11,454 17,741 238 11,867 
Radio, Television & Music Stores 573 14,184 14,326 283 9,980 
Eating and Drinking Places 58 233,048 872 4,193 674 
Drug Stores & Proprietary Stores 591 41,521 4,894 649 4,352 
Antique Stores & Secondhand Stores 593 9,008 22,559 84 36,624 
Book & Stationery Stores 594 6,298 32,266 80 35,305 
Sporting Goods Stores & Bicycle Shop 595 7,358 27,618 79 35,752 
Farm & Garden Supply Stores 596 18,035 11,274 1,233 2,291 
Jewelry Stores 597 13,968 14,548 248 11,389 
Fuel & Ice Dealers N.E.C. 598 14,222 14,288 232 12,174 
Retail Stores N.E.C. 599 48,780 4,166 675 4,184 
Banking 60 16,822 12,080 672 4,203 
Credit Agencies Other Than Banks 61 43,635 4,657 744 3,796 
Security, Commodity Brokers & Services 62 7,935 25,609 97 29,117 
Insurance Agents, Brokers, & Service 64 60,124 3,380 1,111 2,542 
Real Estate 65 153,256 1,326 1,348 2,095 
Hotels and Other Lodging Places 70 51,403 3,953 880 3,210 
Laundries and Dry Cleaning Plants 721 46,460 4,374 614 4,600 
Photographic Studios 722 6,853 29,653 131 21,560 
Beauty Shops 723 70,967 2,863 1,075 2,627 
Barber Shops 724 24,577 8,268 266 10,618 
Funeral Service & Crematories 726 13,171 15,429 300 9,415 
Auto Repair, Services & Garages 75 70,336 2,889 1,063 2,657 
Electrical Repair Shops 762 13,047 15,575 186 15,185 
Miscellaneous Repair Shops 769 17,910 11,346 312 9,052 
Motion Picture Theaters 783 7,702 26,384 177 15,957 
Amusement & Recreation Services, N.E.C. 79 37,982 5,350 647 4,365 
Offices of Physicians and Surgeons 801 104,402 1,946 1,103 2,561 
Offices of Dentists, Dental Surgeons 802 63,817 3,184 878 3,217 
Offices of Osteopathic Physicians 803 4,266 47,635 146 19,345 
Offices of Chiropractors 804 3,984 51,007 150 18,829 
Hospitals 806 5,137 39,558 78 36,210 
Legal Services 81 68,500 2,967 1,078 2,620 
Elementary and Secondary Schools 821 23,503 8,646 390 7,242 
®Total population in 1970 in United States was 203,210,158. 
^Total Population in Iowa was 2,824,376 in 1970. 
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of Iowa. Data proved insufficient to make such calculation for the five-
county area of northeast Iowa. It is noted that in a majority of cases 
Iowa has less population per commerical establishment than the United 
States. 
A total of 57 services were selected for comparison. The tables In 
Appendix D indicate the towns of Upper Explorerland which were allocated 
a sufficient number of the population by the model to support these 
selected commercial services. The average population per establishment 
in Iowa was used as a minimum. 
The method used to determine which towns could support a specific 
comercial service was as follows using S.I.C. code number 554; 
gasoline service stations, as an example. The minimum number of 
population required by each gasoline service station is 962.^ The 
minimum population requirement model run nearest this requirement is the 
1200 minimum population solution. All towns in this solution have 
population quantities of sufficient size to qualify. 
All towns which were eliminated from the 1200 minimum solution are 
also examined. Those with population amounts greater than 962 in the 
previous model solution (in this case the 500 minimum solution) are 
added. The service center code number IAF08 with a population base of 
1067 in the 500 minimum solution is of sufficient size to support a 
gasoline service station. Service center code number IACL07 is added 
similarly. 
Vrom Table 42. 
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Tables 43 and 44 summarize the information of Appendix D. Table 43 
indicates the number and percent of towns which are considered of 
sufficient size to support the various selected commercial services. 
It is noted that no commercial service is offered in all 42 towns. Eating 
and drinking places (S.I.C. code 58) is most prevalent appearing in 41 of 
the 42 towns for a coverage of 97.5%. Only ten of the 57 selected 
commercial services are found in half or more of the towns. Seventeen 
commercial services are found in less than ten percent of the towns. 
Table 44 illustrates the number and percent of the selected cotranercial 
services offered in each of the 42 towns of Upper Explorerland. None of 
the towns contain all services and only five contain 50% or more of the 
selected services. Twenty towns will offer less than ten percent of 
the services with one town having none. 
Table 43. Number and percent of area towns of sufficient size to support various commercial services 
SIC Number Commercial Services Number Percent of towns 
5P> Eating and Drinking Places 41 97.5 
554 Gasoline Service Stations 36 85.9 
5252 Farm Equipment Dealers 31 73.9 
541 Grocery Stores 27 64.4 
596 Farm & Garden Supply Stores 22 52.4 
64 Insurance Agents, Brokers, & Services 21 50.0 
65 Real Estate 21 50.0 
723 Beauty Shops 21 50.0 
801 Offices of Physicians and Surgeons 21 50.0 
81 Legal Service 21 50.0 
75 Auto Repair, Services ft Garages 19 45.2 
551 New and Used Car Dealers 15 35.7 
70 Hotels and Other Lodging Places 15 35.7 
802 Offices of Dentists, Dental Surgeons 15 35.7 
521 Lumber and Other Building Materials 14 33.4 
61 Credit Agencies Other Than Banks 14 33.4 
599 Retail Stores NEC 13 31.0 
60 Banking 13 31.0 
591 Drug Stores & Proprietary Stores 12 28.6 
79 Amusement & Recreation Services, NEC 12 28.6 
5251 Hardware Stores 12 26.2 
721 Laundries and Dry Cleaning Plants 12 26.2 
571 Furniture & Home Furnishings 10 24.8 
539 Miscellaneous General Merchandise Stores 9 21.5 
562 Womens Ready to Wear Stores 7 16.6 
821 Elementary and Secondary Schools 7 16.6 
523 Paint, Glass & Wallpaper Stores 5 11.9 
533 Variety Stores 5 11.9 
553 Tire, Battery, and Accessory Dealers 
561 Men's & Boys' Clothing & Furnishings 
566 Shoe Stores 
572 Household Appliance 
573 Radio, Television & Music Stores 
597 Jewelry Stores 
598 Fuel & Ice Dealers NEC 
724 Barber Shops 
726 Funeral Service & Crematories 
762 Electrical Repair Shops 
769 Miscellaneous Repair Shops 
783 Motion Picture Theaters 
546 Bakery 
552 Used Car Dealers 
559 Miscellaneous Automotive Dealers 
722 Photographic Studios 
803 Offices of Osteopathic Physicians 
804 Offices of Chiropractors 
522 Plumbing & Heating Equipment Dealers 
531 Department Stores 
535 Direct Selling Organizations 
565 Family Clothing Stores 
62 Security, Commodity Brokers & Services 
542 Meat and Fish (Sea Food) Markets 
563 Women's Accessory & Speciality Store 
593 Antique Stores & Secondhand Stores 
594 Book & Stationery Stores 
595 Sporting Goods Stores & Bicycle Shop 
806 Hospitals 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
4.8 
4.8 
4.8 
4.8 
4.8 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
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Table 44. Number and percent of selected services offered in area towns 
Percent of 
Service Center 
Code Number Number 
Services 
Offered 
FA07 55 96.6 
H002 51 89.5 
WI03 47 82.5 
AL06 46 80.9 
FAll 40 70.2 
CL02 26 45.6 
AL04 26 45.6 
CLll 24 42.1 
AL02 23 40.4 
FA04 22 38.7 
WIOl 21 36.9 
CL06 19 33.4 
CLIO 18 31.6 
H003 16 28.1 
FAIO 16 22.8 
H006 12 21.1 
H004 11 19.3 
WI05 11 19.3 
FA03 11 19.3 
CL09 9 15.8 
FA06 9 15.8 
H005 6 10.5 
CLOl 5 8.8 
WI04 4 7.0 
AL05 4 7.0 
CL05 4 7.0 
FAOl 4 7.0 
WI02 3 5.3 
WI06 3 5.3 
CL03 3 5.3 
CL04 3 5.3 
FA06 3 5.3 
FA08 3 5.3 
AL03 3 5.3 
HOOl 2 3.5 
CL07 2 3.5 
CL12 2 3.5 
FA02 2 3.5 
WI07 1 1.8 
CL08 1 1.8 
FA09 1 1.8 
ALOl 0 0 
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CHAPTER VIII. RESEARCH SUMMARY 
Development planning has been of Interest to researchers for 
perhaps centuries. Recent concerns with the problems of population 
distribution, ecological degradation, and resource conservation have 
created questions which previous planning methods were unable to answer. 
New methods which have the ability to consider and analyze the complete 
range of resources, and the multiple production and consumption activities 
possible in a given geographical area are required. 
The study reported herein was designed primarily to test the 
apolicability of linear programming to the problems of rural community 
development. The work proceeded through four distinct phases. 
(1) develop a concept of rural development which could be used 
In a linear programming framework. 
(2) define the resources and possible production and consumption 
activities consistent with the study area. 
(3) build a linear programming model consistent with 1 and 2 
above which was capable of providing information useful to 
development planners. 
(4) obtain and analyze solutions to the model. 
The research project in total included several studies of a minor 
nature. Most of the minor studies listed below were accomplished at 
the request of the Upper Explorerland Executive Board and Project 
Coordinator. 
(1) Development of the service center model discussed in Chapter VII. 
(2) Assisted in the development of feasibility studying for a swine 
slaughtering plant and a pulp mill. 
(3) Conducted three surveys in the area to provide information on 
attitudes toward developmental efforts. 
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(4) Gathered and summarized resource inventory data for use by 
local organizations. 
Solutions obtained from the linear programming model provide 
specific information in regard to production and consumption activities 
in each of three 3 year time periods. In the agriculture sector 
optimum levels of land drainage, conservation, forest production, crop 
production, and livestock production are defined. 
Levels of industrial production are provided in terms of man-years 
of activity. Recreation-tourist demands are translated into man-year 
units of service. Commercial and public activities are derived from 
demands created by the area population. 
Land, labor, and capital are considered as the basic resources. 
The land resource is divided into seven use capability classes and seven 
cropping pattern categories. The labor force is classified into three 
training levels and 12 occupational categories. The two capital classes 
defined are capital stock and liquid capital. 
Information is derived from the solution indicating quantities of 
each resource class utilized in specific economic sectors of the model. 
The quantity of resources available in excess of demands is also provided. 
This information is provided for each of the three model time periods. 
One unique and important aspect of linear programming models is the 
availability of analytical information. The economic analysis made 
possible by the data obtained from the shadow price, reduced cost, range, 
and trancol analyses is not available from other mathematical models. 
This information should prove valuable to developmental planners and 
community leaders in multi-county areas organized to have some degree 
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of control over resource use and production activities. 
The service-center auxiliary model demonstrates the possibilities 
of utilizing computer models to locate commercial and public services in 
the most convenient and efficient locations. Such locational problems 
are and apparently will continue to be of importance in rural area. 
Further Research Implications 
One of the objectives of the study was to utilize existing data in 
the development of the model. Resource data for multi-county areas is 
much more available than definitive coefficients for productive and 
consumptive activities. However, it is observed that much of the 
published resource data is not in the form immediately useful to 
developmental planners. An extremely useful research project could be 
developed to inventory raw data collected by state and federal government 
agencies. This data should be made available at lov/ cost to researchers 
and summarized to be analyzed in ways most meaningful to his research. 
Information for agricultural production activities is readily 
available in Iowa on a regionalized basis. Coefficients for activities 
in the industrial and commercial sectors were developed from national 
data due to the lack of regionalized information. The Input side of the 
recreation sector is yet to be studied. This shortage of accurate 
regionalized input coefficients offers possibilities for numerous research 
studies. 
The service center model could be further developed to consider 
topographic features and existing road systems more effectively. 
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The research potential in the area of rural community development 
is substantial. Likewise, the need is great. Projects such as the 
one reported herein are extremely interesting and satisfying to the 
researcher. 
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APPENDIX A. SELECTED STATISTICS FOR UPPER EXPLORERLAND 
Table A1. Selected economic characteristcs of population 1970® 
County 
<u 
•f— 
s  ^ "ë 4-> "E % 4-» 
V Q) J/ c a; o -»-> +J (C >> 0) 
te >) 
<a 
u_ <c (_) 
<0 
K 5 g S i  
Median earnings: 
Males 16 ft older ($) 7839 4942 5916 6380 5992 5740 
Females 16 ft older 
($) 3019 2120 2211 2190 2215 1719 
Per capita all ($) 2894 2315 2272 2446 2662 2538 
Mean incomes: 
All families ($) 8931 6267 6604 7459 7909 7585 
Incomes less than poverty level: 
% of all families 8.9 15.6 14.7 12.8 16.5 10.5 
% with public 
assistance 13.2 8.1 6.9 8.5 3.3 9.3 
^Source: 1970 Census of Population, General Social and Economic 
Characteristics: Iowa (50). 
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Table A2. Population distribution by age® 
1940 
Years 
1950 
No. 
% 9f 
Total 
% of 
1940 No. 
% of 
Total 
% of 
1940 
Under 5 9,303 8.7 100 10,958 10.8 118 
5-19 28,592 26.9 100 25,317 24.8 89 
20-44 36,504 34.3 100 32,254 31.6 88 
45-64 21,857 20.5 100 21,819 21.4 99 
65 & over 10,657 10.0 100 11,563 11.3 109 
1960 
Years 
1970 
No. 
% of 
Total 
% of 
1940 No. 
% of 
Total 
% of 
1940 
Under 5 11,275 11.2 121 7,509 7.8 81 
5-19 28,416 28.2 99 29,302 31.2 104 
20-44 26,907 26.7 74 23,624 24.7 65 
45-64 21,318 21.1 98 20,594 21.5 94 
65 & over 12,991 12.9 122 14,135 14.8 133 
^Source: 1970 Census of Population, General Social and Economic 
Characteristics: Iowa (50). 
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Table A3. Employment by occupation^ 
Years 
1940 1950 1960 1970 
Professional, technical 2,173 2,234 2,706 3,054 
Farmers and farm managers 12,779 12,184 10,608 7,478 
Proprietors 2,794 2,853 2,433 2,687 
Clerical p,797 1,973 2,751 3,743 
Sales L 1,965 2,677 1,301 
Craftsmen 2,249 3,137 3,167 3,495 
Operatives 2,168 2,929 3,685 4,363 
Private household 1,102 459 618 629 
Service 1,338 1,839 2,428 3,886 
Farm laborers 3,511 2,311 4,195 2,173 
Other laborers 1,352 1,631 1,293 1,267 
Not reported 297 653 612 -  — -
Total employment 35,518 38,110 37,173 34,576 
^Source: 1970 Census of Population, General Social and Economic 
Characteristics: Iowa (50). 
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Table A4. Employment by sex 
1940 
Years 
1950 1960 1970 
Total Population 
Total Employment 
% of persons employed 
106,463 101,911 100,898 95,672 
35,518 38,130 37,343 34,576 
33 37 37 36 
Males in work force^ 
Males employed 
% of males employed 
40,525 37,406 
30,485 30,084 
75.2 80.5 
34,425 
26,826 
77.9 
33,169 
23,055 
69.5 
Females in work force^ 
Females employed 
% of females emnloyed 
40,128 35,655 
5,033 8,046 
12.5 22.6 
34,745 
10,515 
30.3 
34,865 
11,521 
33.0 
% total employment males 
% total employment females 
86 
14 
79 
21 
72 
28 
67 
33 
^Source: 1950 Census of Population, General Social and Economic 
Characteristics; Iowa (50) 
^19 years of age and older. 
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Table A5. Educational attainment of population over 25 years of age* 
Years 
1940 1950 1960 1970 
Total number 60,538 59,050 56,169 52,647 
No school 329 280 230 260 
Grade school, 1-4 2,907 2,725 1,833 1,089 
5-6 6,633 4,700 3,275 4,034 
7-8 29,521 25,573 21,577 14,274 
High School 1-3 7,149 7,250 6,936 6,744 
4 8,569 11,115 14,863 18,710 
College 1-3 3,087 4,175 4,792 4,603 
4 or more 1,860 2,030 2,573 2,955 
^Source: Census of Population for specific years (47). 
Table A6. Selected agricultural statistics* 
Years 
1940 1950 1959 1964 1969 
No. of farms 12,003 12,135 
Average farm 
size (acres) 156.0 164.6 
% tenancy 40.6 32.3 
Value farm 
products sold 
(000$) N.A. 73,562 
10,833 9,825 8,868 
181.9 200.4 216.8 
27.4 21.7 15.1 
104,657 111,521 170,491 
^Source: Census of Agriculture, USDA, for specific years (46). 
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APPENDIX B. ACTIVITIES OF THE LINEAR PROGRAMMING MODEL^ 
Agriculture sector; 
nool Drainage land I-B 
11002 Drainage land II-B x 
11003 Drainage land III-B x 
11011 Clearing land I-F 
11012 Clearing land II-F 
11013 Clearing land III-F 
11021 Conservation 1 on land I-C 
11022 Conservation 1 on land II-C 
11023 Conservation 1 on land III-C 
11024 Conservation 1 on land IV-C 
11031 Conservation 2 ond land II-C x 
11032 Conservation 2 on land III-C x 
11033 Conservation 2 on land IV-C x 
11034 Conservation 3 on land IV-C x 
11041 Pasture renovation land I-D 
11042 Pasture renovation land II-D 
11043 Pasture renovation land III-D 
11044 Pasture renovation land IV-D 
11045 Pasture renovation land IV-E 
11046 Pasture renovation land V-E 
11047 Pasture renovation land VI-E 
11048 Pasture renovation land VII-E 
11051 Reforestation land IV x 
11052 Reforestation land V x 
11053 Reforestation land VI x 
11054 Reforestation land VII x 
11055 Christmas trees on land VI 
11056 Christmas trees on land VII 
11061 Pasture to cropland land I-D 
11062 Pasture to cropland land II-D 
11063 Pasture to cropland land III-D 
11064 Pasture to cropland land IV-D 
11066 Pasture on land I-D 
11067 Pasture on land II-D 
11068 Pasture on land III-D 
11069 Pasture on land IV-D 
11070 Pasture on land IV-E 
11071 Pasture on land V-E 
11072 Pasture on land VI-E 
1 
Activities for first time period used as examples. 
^An "x" indicates the activity creates an addition to the objective 
function. 
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11073 Pasture on land VII-E 
11074 Pasture on land VI-F 
11075 Pasture on land VII-F 
11076 Pasture on land VI-G 
11077 Pasture on land VII-G 
11101 Continuous corn on land I-A 
11102 Corn - Soybeans rotation on land I-A 
11103 CCCOMM rotation on land II-A 
11104 CCOMM rotation on land III-A 
11105 COMM rotation on Inad IV-A 
11106 Continuous corn on land I-B 
11107 Corn - Soybeans rotation on land I-B 
11108 CCCOMM rotation on land II-B 
11109 CCOMM rotation on land III-B 
11110 CCOMM rotation on land I-C 
11111 CCOMM rotation on land II-C 
11112 COMM rotation on land III-C 
11113 COMMMM rotation on land IV-C 
11114 Vegetables (beans) on land I-A 
11115 Vegetables (tomatoes) on land I-A 
11131 Harvest forest products on land I-F x 
11132 Harvest forest products on land II-F x 
11133 Harvest forest products on land III-F x 
11134 Harvest forest products on land IV-F x 
11135 Harvest forest products on land V-F x 
11136 Harvest forest products on land VI-F X 
11137 Harvest forest products on land VII-F x 
11141 Clear cut land I-F 
11142 Clear cut land II-F 
11143 Clear cut land III-F 
11144 Clear cut land II-F 
11145 Clear cut land V-F 
11146 Celar cut land VI-F 
11147 Clear cut land VII-F 
11201 Swine Production, technology 1 
11202 Swine production, technology 2 
11203 Swine production, technology 3 
11204 Beef production, technology 1 
11205 Beef production, technology 2 
11206 Beef production, technology 3 
11207 Beef production, technology 4 
11208 Beef cows 
11209 Dairy production, grade B 
11210 Dairy production, grade A 
11211 Poultry production 
11251 Transfer land VI to forest 
11252 Transfer land VII to forest 
15111 Land I-A and VI-F to recreation use 
15112 Land I-A and VII-F to recreation use 
15113 Land II-A and VI-F to recreation use 
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15114 Land II-A and VII-F to recreation use 
Industry sector; 
12001 Meat products 
12002 Butter 
12003 Cheese 
12004 Condensed milk 
12005 Ice cream 
12006 Fluid milk 
12007 Canned vegetables 
12008 Frozen vegetables 
12009 Animal feeds 
12010 Corn milling 
12011 Bakery products 
12012 Soft drinks 
12013 Miscellaneous food products 
12014 Apparel 
12015 Logging 
12016 Sawmill products 
12017 Hardwood products 
12018 Millwork 
12019 Veneer and plywood 
12020 Prefab wood structures 
12021 Wood containers 
12022 Wood preserving 
12023 Wood furniture 
12024 Pulp mill products 
12025 Paper mill products 
12026 Paperboard 
12027 Converted paper products 
12028 Paperboard containers 
12029 Newspapers 
12030 Book publishing 
12031 Commercial printing 
12032 Miscellaneous printing 
12033 Fertilizer 
12034 Miscellaneous chemical products 
12035 Plastic materials 
12036 Soaps and cleaners 
12037 Paint 
12038 Miscellaneous plastics 
12039 Leather tanning 
12040 Glass containers 
12041 Brick and tile 
12042 Leather goods 
12043 Ceramic tile 
12044 Clay structural products 
12045 Pottery products 
12046 Concrete blocks 
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12047 Ready mixed concrete 
12048 Lime 
12049 Metal cans 
12050 Heating equipment 
12051 Fabricated steel 
12052 Metal doors 
12053 Sheet metal products 
12054 Screw machine products 
12055 Metal stampings 
12056 Hardware 
12057 Metal services 
12058 Miscellaneous wire products 
12059 Internal combustion engines 
12060 Farm machinery 
12061 Construction machinery 
12062 Special dies and tools 
12063 Pumps and compressors 
12064 Power transmission equipment 
12065 General industrial machinery 
12066 Machine shop products 
12067 Office machinery 
12068 Service industry machines 
12069 Electrical measuring instruments 
12070 Switch gear 
12071 Electrical housewares 
12072 Wiring devices 
12073 Electronic components 
12074 Storage batteries 
12075 Truck trailers 
12076 Trailer coaches 
12077 Boat building 
12078 Temoerature controls 
12079 Surgical equipment 
12080 Watches 
12081 Jewelry 
12082 Games and toys 
12083 Sporting goods 
12084 Pens and pencils 
12085 Artificial flowers 
12086 Buttons 
12087 Construction 
12088 Stone mining 
Commercial sector: 
13031 Grocery stores 
13032 Restaurants 
13033 Furniture and appliance stores 
13034 Clothing and department stores 
13035 Variety, drug, and hardware stores 
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13036 Auto sales and service 
13037 Medical service 
13038 Finance and legal service 
13039 Personal services 
13040 Miscellaneous services 
13041 Recreation services 
13043 Transportation services 
13045 Wholesale services 
13201 Agricultural equipment 
13202 Agricultural supplies 
Public sector: 
14100 Public services 
Recreation sector: 
15100 Camper Tourism 
15200 Non-camper tourism 
15150 Convert land to recreation use 
Consumption sector; 
16000 Personal consumption 
16310 Transfer labor to agriculture sector 
16320 Transfer labor to industry sector 
16330 Transfer labor to commercial sector 
16340 Transfer labor to public sector 
16350 Transfer labor to recreation sector 
16325 Transfer labor to construction 
16335 Transfer labor to transportation 
16336 Transfer labor to personal services 
16338 Transfer labor to professions 
16351 Professional - technical labor transfer 
16352 Farm manager labor transfer 
16353 Proprietor labor transfer 
16354 Clerical labor transfer 
16355 Sales labor transfer 
16356 Craftsmen labor transfer 
16357 Operatives labor transfer 
16358 Service labor transfer 
16359 Farm labor tranfer 
16360 Laborers transfer 
16361 Transportation labor transfer 
16362 Private household labor transfer 
16312 Educate high school to two year 
16323 Educate two year to four year 
16500 Import money 
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11460 Transfer entrepreneural income from agriculture sector 
12460 Transfer entrepreneural income from industry sector 
13460 Transfer entrepreneural income from commercial sector 
15460 Transfer entrepreneural income from recreation sector 
12450 Transfer wages and salaries from industry sector 
13450 Transfer wages and salaries from commercial sector 
14450 Transfer wages and salaries from public sector 
16400 Personal savings 
14950 Welfare activity 
14901 Taxation activity 
11820 Invest operating capital in agriculture sector 
12820 Invest operating capital in industry sector 
13820 Invest operating capital in commercial sector 
15820 Invest operating capital in recreation sector 
11470 Transfer capital to capital stock in agriculture 
(machinery) x 
11475 Transfer capital to capital stock in agriculture 
(buildings) x 
12470 Transfer capital to capital stock in industry x 
13470 Transfer capital to capital stock in commerce x 
15470 Transfer capital to capital stock in recreation x 
16610 Tranfer capital from bank to general investment capital 
16900 Improved housing transfer x 
11480 Transfer unused capital stock to next period from 
agriculture (machinery) 
11481 Transfer unused capital stock to next period from 
agriculture (machinery) 
12480 Transfer usused capital stock to next period from industry 
13480 Transfer unused capital stock to next period from commerce 
16700 Transfer savings between time periods 
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APPENDIX C. SERVICE CENTER COMPUTER PROGRAM 
SRVC:PROC OPTIONS(MAIN)REORDER; 
DECLARE 
OTFL FILE RECORD OUTPUT ENV(F(2000,20)), 
1 SCO BASED(PS), 
2 NUM CHAR(8), 
2 CRl FLOAT DEC(6), 
2 CR2 FOOAT DEC(6), 
2 EXB FLOAT DEC(6), 
1 ELO BASED(PE), 
2 NUM CHAR(8), 
2 CRl FLOAT DEC(6), 
2 CR2 FLOAT DEC(6), 
2 EXB FLOAT DEC(6), 
PWRT POINTER, 
(START,P,Q,R) POINTER, 
(BSC,DSC,BUS,D,DF) FLOAT DEC(6), 
1 SC BASED(PS), 
2 NUM CHAR(8), 
2 CRl FLOAT DEC(6), 
2 CR2 FLOAT DEC(6), 
2 EXB FLOAT DEC(6), 
2 FIRST POINTER, 
2 LAST POINTER, 
1 EL BASED(PE), 
2 NUM CHAR(8), 
2 CRl FLOAT DEC(6), 
2 CR2 FLOAT DEC(6), 
2 POP FLOAT DEC(6), 
2 NEL POINTER, 
2 DIST FLOAT DEC(6) 
1 INSC, 
2 NUM CHAR(8), 
2 CRl FLOAT DEC(6), 
2 CR2 FLOAT DEC(6), 
2 EXB FLOAT DEC(6), 
1 INEL, 
2 NUM CHAR(8), 
2 CRl FLOAT DEC(6), 
2 CR2 FLOAT DEC(6), 
2 POP FLOAT DEC(6), 
SCFL FILE STREAM INPUT, 
ELFL FILE STREAM INPUT, 
(MIN,PN2) FLOAT DEC(6), SW FIXED BIN(l6); 
ON ENDFILE(ELPL) GO TO LP035; 
ON ENDFILE(SCPL) GO TO LP015; 
ALLOCATE ELO; 
PWRT=PE; 
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GET LIST(MIN,SW); 
PUT LISTÔMINIMUM BUSINESS SET AT'||MIN); 
CLOSE PILE(SYSIN); 
OPEN FILE(SCPL); 
START=NULL; 
LP010:GET FILE(SCFL) LIST(INSC); 
ALLOCATE SC; 
IF START=NULL THEN STRT=PS; 
ELSE Q->SC.NSC=PS; 
Q=PS; 
SC=INSC , BY NAME; 
SC.NSC=NULL; 
SC.FIRST=NULL; 
SC.LAST=NULL; 
GO TO LPOlO; 
LP015:CLOSE FILE(SCFL); 
OPEN PILE(ELPL); 
PUT PAGE LIST('ELEMENTS READ IN:'); 
LP020:GET FILE(ELFL) LIST(INEL,PN2); 
IP SW=2 THEN INFL.P0P=PN2; 
ALLOCATE EL; 
EL=INEL , BY NAME; 
EL.NEL=NULL; 
Q=NULL; 
D=9.9E70; 
PS=START; 
LP025 : EL.DIST=ABS (SC ..CRl-EL. CRl )+ABS (SC . CR2-EL. CR2 ) ; 
IF EL.DIST>=D THEN GO TO LP030; 
D=EL.DIST; 
Q=PS; 
LP030: PS=SC.NSC; 
IP PS-.=NULL THEN GO TO LP025; 
IP Q=NULL THEN DO; PUT SKIP LIST('NO SC FOR'||EL.NUM); 
FREE PE->EL; 
GO TO LP020; 
END; 
PS=Q; 
IF SC.PIRST=NULL THEN DO; SC.PIRST=PE; 
SC.LAST =PE; 
END 
ELSE DO; Q=SC.LAST; 
Q->EL.NEL=PE; 
SC.LAST=PE; 
END; 
EL.DIST=D; 
GO TO LP020; 
LP035:CLOSE FILE(ELPL); 
LP037:PS=START; 
BUS=9.9E70; 
Q=NULL; 
LP040:BSC=SC=SC.EXB; 
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PE=SC.FIRST; 
LP050:IF PE-.=NULL THEN DO; BSC=BSC+EL..POP; 
PE=EL.NEL; 
GO TO LP050; 
END; 
IP BSC<BUS THEN DO; BUS=BSC; 
Q=PS; 
END; 
PS=SC.NSC; 
IF PS-.=NULL THEN GO TO LP040; 
IF<BUS MIN THEN GO TO LPO65 
PS=START; 
DUS=O.OEO; 
BU8=8.)E); 
.LPO55:BSC=SC.EXB; BUS=BUS+SC.EXB; 
DSC=0.)E); 
• WRITE FILE(OTPL) PROM(SCO); 
PUT PAGE EDIT('DATA FOR SERVICE AREA',SC.NUM)(C0L(7),A,A); 
PUT SKIP(2) EDIT('ELEMENT','DISTANCE','BUSINESS ^,'TOTAL') 
(COL(7),A,COL(21),A,COL(36),A,COL(4l),A); 
PUT SKIP EDIT('NO.','TRAVELED','TRAVEL') 
(COL(9),A,COL(21),A,COL(51),A); 
PUT SKIP(2) EDIT ('EXOG',SC.EXB) 
(C0L(8),A,C0L(29),P' , ,--9V.99'); 
PE=SC.FIRST; 
IP PE=NULL THEN GO TO LPO6I; 
LPO6O:BSC=BSC+EL.POP ; 
BUS=BUS+EL.POP; 
BCC=DSC+EL.POP*DIST; 
• DUS=DUS+EL.POP*DIST; 
WRITE PILE(OTPL) PROM(EL0); 
PUT SKIP EDIT(EL.NUM,EL.DIST,EL.POP,EL.POP*EL.DIST) 
(C0L(7),A ,C0L(16),P' —, 9V.99', 
pi , 9V.99%P' —, —9V.99'); 
PE=EL.NEL; 
IP PE-,=NULL THEN GO TO LPO6O; 
LPO6I: 
PE=PWRT; 
EL.NUM='ENDE'; 
WEIiTE FILE(OTPL) PROM(ELO); 
PUT SKIP(2) EDIT('TOTAL',BSC,DSC) 
(COL(7),A,COL(31),(2)'(P' —, 9V.99')); 
PS=SC.NSC; 
IP PS-.=NULL THEN GO TO LP055; 
EL.NUM='ENDS'; 
WRITE PILE(OTPL) PROM(ELO); 
PUT SKIP(2) EDIT('OVERALL',BUS,DUS) 
(C0L(5),A,C0L($i),(2):CP;--,—9V.99')); 
RETURN; ' 
LP065:PS=Q; 
PUT SKIP LIST('LP065—SC.NUM='I ISC.NUM ); 
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R=WSC; 
PE=PIRST; 
PS=START; 
IF Q=START THEN DO; 
PUT SKIP LIST ('SERVICE CENTER'||SC.NUM|| 
' HAS BEEN ELIMINATED'); 
FREE START->SC; 
START=R; 
GO TO LP070; 
END; 
LP067.:IF NSC=Q THEN DO; 
NSC=R; 
PUT SKIP LIST ('SERVICE CENTER '||Q->SC.NUM|| 
' HAS BEEN ELIMINATED '); 
FREE Q->SC; 
END; 
ELSE DO; 
PS=NSC; 
GO TO LP067; 
END; 
LP07O:D=9.9E7O; 
IF PE=NULL THEN GO TO LP037; 
Q=NULL; 
PS=START; 
LP075: 
DF=ABS(EL.CRl-SC.CRl)+ABS(EL.CR2-SC.CR2); 
IF D<DP THEN GO TO LPO8O; 
EL.DIST=DF; 
D=DF; 
Q=PS; 
LP080:PS=SC.NSC; 
IF PS-,=NULL THEN GO TO LP075; 
IP Q=NULL THEN DO; PUT SKIP LIST('REV NO MATCH FOR ''| [ EL .NUM) ; 
R=EL.NEL; 
FREE PE->EL; 
PE=R; 
IF PE=NULL THEN GO TO LP037; ELSE GO TO LPG75; 
END; 
PS=Q; 
Q=EL.NEL; 
R=SC.LAST; 
IF R=NULL THEN SC.FIRST=PE; 
ELSE R->EL.NEL=PE; 
SC .LAST=PE; 
EL.NEL=NULL; 
PE=Q; 
IF PE=NULL THEN GO TO LP037; 
ELSE GO TO LPO7O; 
END SRVC; 
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APPENDIX D. PROJECTED LOCATIONS OF SELECTED 
SERVICES IN UPPER EXPLORERLAND 
s.I.e. Ave. Service 
Code Population H001 H002 H003 H004 
No.T per unit 
521 4,046 X X 
522 24,994 X 
523 17,543 X 
5251 4,763^ X 
5252 1752 X X X X 
531 30,047 X 
533 7,613 X 
535 27,964 X 
539 5,946 X 
541 1,711 X X X 
542 37,163 
546 17,876 X 
551 3,419 X X 
552 22,065 X 
553 9,415 X 
554 962 X X X 
559 20,031 X 
561 8,187 X 
562 7,317 X 
563 35,305 
565 29,421 X 
566 8,002 X 
571 5,173 X 
572 11,867 X 
573 9,980 X 
58 674 X X X X 
591 4»352 X 
593 33,624 
594 35,305 
595 35,752 
596 2,291 X X X 
597 11,389 X 
598 12,974 X 
H005 H006 WIOl WI02 WI03 WI04 WI05 WI06 WI07 
X 
X 
X 
X X 
X X 
X 
X X 
X 
X 
X X X  
X 
X 
X 
X 
X 
X 
X 
X 
X X X  
X X 
X 
X 
X 
S.I.C. Ave. Service Center Code Numbers 
Code Population HOOl H002 H003 H004 H005 H006 WIOl WI02 WI03 WI04 WI05 WI06 WI07 
No. ' per unit 
599 4,184 X 
60 4,203 X 
61 3,796 X X 62 29,117 X 
64 2,542 X X 65 2,095 X X 
70 3,210 X X 
721 4,600 X 
722 21,560 X 
723 2,627 X X 
724 10,618 X 
726 9,415 X 
75 2,657 X X 
762 15,185 X 
769 9,052 X 
783 15,957 X 
79 4,365 X 
801 2,561 X X 
802 3,217 X X 
803 19,345 X 
804 18,829 X 
806 36,210 
81 2,620 X X 
821 7,242 X 
X X 
X X X  
X X 
X X 
X X 
X X X 
X X 
X X 
X K 
X 
X X X 
X 
X 
X X X 
X 
X 
X 
X X 
X X X 
X X 
X 
X 
X X X 
X 
tXI 
•NJ 
^See Table 43 In Chapter VII for explanation of S.I.C. code numbers. 
2 Based on farm numbers. 
S.I.C 
Code 
No. 
52T~ 
522 
523 
5251 
5252 
531 
533 
535 
539 
541 
542 
546 
551 
552 
553 
554 
559 
561 
562 
563 
565 
566 
571 
572 
573 
58 
591 
593 
594 
595 
596 
597 
598 
Service Center Code Numbers 
FAOl FA02 FA03 FA04 FA05 FA06 FA07 FA08 FA09 FAIO FAll ALOl AL02 AL03 AL04 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
00 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
S.I.I 
Code 
No. 
SS~" 
61 
62 
64 
65 
70 
721 
722 
723 
724 
726 
75 
762 
769 
783 
79 
801 
802 
803 
804 
806 
81 
821 
Service Center Code Numbers 
FAOl FA02 FA03 FA04 FA05 FA06 FA07 FA08 FA09 FAIO FAll ALOl AL02 AL03 AL04 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
en 
S.I.C 
Code 
No. 
WT" 
522 
523 
5251 
5252 
531 
533 
535 
539 
541 
542 
546 
551 
552 
553 
554 
559 
561 
562 
563 
565 
566 
571 
572 
573 
58 
591 
593 
594 
595 
596 
597 
598 
Service Center Code Numbers 
AL05 AL06 CLOl CL02 CL03 CL04 CL05 CLOe CL07 CL08 CL09 CLIO CLll CL12 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
m o 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X  X  X  X X X  
X 
X 
S.I, 
Code 
Mo. 
599" 
60 
61 
62 
64 
65 
70 
721 
727 
723 
724 
726 
75 
762 
769 
783 
79 
801 
802 
803 
804 
806 
81 
821 
Service Center Code Numbers 
AL06 CLOl CL02 CL03 CL04 CL05 CL06 CL07 CL08 CL09 CLIO CLll CL12 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

